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1. Database for Air Quality and Noise Analysis Tool Version 2.1 User
Manual

1.1 Background
Database for Air Quality and Noise Analysis (DANA) is a tool created by the Federal Highway
Administration (FHWA) to process historical traffic data. The tool combines traffic data from existing
data sources into a single database. It then processes the combined data into properly formatted inputs
for EPA’s Motor Vehicle Emission Simulator (MOVES) model and for the newly integrated Traffic Noise
Model Aide (TNMAide) Tool. DANA version 1.0 was released in July 2021 and was the result of more
than two years of research on “National Traffic Dataset Applications for Air Quality and Noise Analysis.”
Data updates for DANA 1.0 were released in March 2022 and included 2020 TMAS and HPMS data.
DANA version 2.0 was released in March 2023 and included 2021 TMAS data. Improvements for DANA
2.0 focused on accuracy of the calculations. DANA version 2.1 was released in February 2024 and is the
current release documented in this User Guide. Enhancements for DANA 2.1 focused on implementing
input a data gap filling methodology and replicating TNMAide spreadsheet computations in the DANA
Tool interface. See Section 1.2 for a full change log.

DANA provides real-world measurements of traffic conditions for use in environmental analyses. In the
past, analysts relied almost exclusively on transportation models to generate base year traffic data, an
often-cited shortcoming of transportation emission and noise analyses. By having these data already
compiled, environmental analysts are spared the task of assembling the data. Finally, DANA helps
ensure that environmental analyses use a consistent set of traffic data and processing methods across
the entire country. FHWA provides the DANA tool as a resource to stakeholders and use of the tool is
voluntary; however, using it may not satisfy all regulatory requirements.

Some possible uses for the DANA tool include:

e Assisting in completing noise analyses for NEPA documents by identifying the worst noise hour
and associated traffic characteristics for a given year

¢ Planning analyses to identify locations for highway projects and pollution reduction strategies

e MOVES county-level runs completed for various purposes, such as mobile source air toxics
analysis.

¢ Studying the traffic, noise, and emissions on a highway segment before and after a highway
project opening

Note that the DANA tool processes historical traffic data and does not include the capability to forecast
traffic for future years.

The DANA Tool integrates three existing FHWA data sources:

1. National Performance Management Research Data Set (NPMRDS)! — Continuously collected
speed and travel time data for the entire NHS, which are compiled at 1-hour intervals for
unidirectional highway segments. The data are collected from GPS-equipped probe vehicles by a
private vendor and provided under contract to FHWA. The raw NPMRDS data are available for

1 For more information on NPMRDS see: https://ops.fhwa.dot.gov/perf measurement/index.htm

1


https://ops.fhwa.dot.gov/perf_measurement/index.htm

use by state and local transportation agencies, and agencies must have access to their state’s
NPMRDS data to use DANA.

2. Highway Performance Monitoring System (HPMS)? — Geometric, operating and traffic data
submitted annually by state Departments of Transportation (DOTs) to FHWA. The NPMRDS has
several HPMS data elements integrated including average annual daily traffic (AADT) and
highway functional classification. Additionally, FHWA county road mileage and state-level VMT
files, derived from HPMS, are used as input to DANA.

3. Travel Monitoring Analysis System (TMAS)3 — Vehicle classification data collected by the state
DOTs at approximately 2,400 locations throughout the country and submitted to FHWA
annually. The classifications are based on FHWA's classification scheme but are converted to the
vehicle types used in emissions and noise analyses.

DANA uses these data to produce:

1. Link-Level Dataset and Summaries — The main output of the DANA Tool is a detailed dataset
containing traffic data for every NPMRDS link (National Highway System (NHS) roadways) for
every hour of the specified time period. The following traffic data are compiled: speeds and
travel times for all vehicles, passenger vehicles, and trucks; the hourly percent of the MOVES
vehicle types; the hourly percent of TNM vehicle types; the monthly average daily traffic
variation from the AADT; and modified VMT, augmented by the modified average annual daily
traffic (MAADT). Emission rates (grams-per-mile) for criteria pollutants and precursors VOC, CO,
NOy, PM1o, PM; 5 for each vehicle type are also included; these MOVES-based emission rates are
derived from EPA’s National Emissions Inventory (NEI)* and use the representative county
approach to reflect local conditions. Additional files contain summaries of the data in the link
level dataset, including an annual aggregation of the traffic volumes on each NPMRDS link, sums
of emissions inventories for the year, and annual aggregate noise metrics for each link.
Preliminary noise results for each roadway link at the 50-foot standard reference distance from
the nearest lane based on the link-level traffic dataset; 1-hour noise metrics represent the
maximum hourly noise level amongst either the whole year or amongst 24 one-hour noise
levels, each of which represents the average of the specified hour over the year; Daily noise
metrics represent the 24-hour noise level amongst the Average Day or the day in which the
worst hour occurred.

2. MOVES County-Level Input Dataset — For the counties provided in the inputs, the following
MOVES input types are produced: Average Speed Distribution; Vehicle Type VMT, Road Type
Distribution; Hour VMT Fraction; Day VMT Fraction; and Month VMT Fraction. DANA uses
national VMT aggregations to produce total VMT in the entire county, not just VMT on NHS
links.

3. Traffic data summaries for TNMAide — Full-year, link-level traffic data summaries output by
the DANA tool serve as inputs to TNMAide. These data can be used directly in DANA’s TNMAide
tab or can be used separately by using the stand alone TNMAide scripts. TNMAide then
computes:

2 For more information on HPMS see: https://www.fhwa.dot.gov/policyinformation/hpms.cfm
3 For more information on TMAS see: https://www.fhwa.dot.gov/policyinformation/tmguide/
42017 NEI based on MOVES2014b
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Worst Case Noise Hour Analysis — Identifies the single worst day and the worst noise
hour of the day (averaged over all days) along with the traffic volumes and speeds that
produced the worst hour noise dataset.

Estimated Noise Levels at fifty feet from the center of the nearest lane — Estimates
the link-level Average Hourly A-weighted (LAeq), Day-Night (Lon), and Day-Evening-Night
(Loen) levels based on hourly traffic volumes, speeds, and Reference Energy Mean
Emission Levels (REMELs) as well as number of lanes, median width, and roadway grade.
Worst Hour LA¢q represents the maximum 1-hour A-weighted equivalent noise level
amongst the whole year. Worst Hour Loy and Loen represent the Day-Night Level and
Day-Evening-Night Level for the day in which the worst hour occurred.

24-Hour Traffic Distribution for Noise Analysis — Creates link-level hourly distributions
over a 24-hour period that can be entered into FHWA’s TNM for calculation of the Ldn
and Lden.



1.2 Change Log
The following updates were made between DANA Tool versions 2.0 and 2.1:

1.2.1 Process 1 Calculation accuracy

Added hierarchical gap-filling methodology for missing NPMRDS speed data (see Section 1.5.1.1
for more details)
Added hierarchical gap-filling methodology for missing TMAS vehicle classification count data
(see Section 1.5.1.2 for more details)
Added intermediate tiers to NPMRDS speed/TMAS class data join for annual averages of original
tiers 1-3 (see Section 1.5.1.2 for more details)

o Includes new annual average output data (see Section 5.1 for more details)
Added computation of monthly volume deviation from AADT and applied adjustment factor to
volume data in hierarchical matching scheme for NPMRDS speed/TMAS volume data (see
Section 1.5.1.2 for more details)

o Includes new adjustment factor and adjusted volume output data (see Section 5.1 for

more details)

Added Worst Hour and Average Day noise metrics to link-level summary output file (see Section
1.5.1.4 for more details)

1.2.2  Usability improvements

Added a splash screen that appears while application is booting up (see Figure 7)
Improved memory usage to better handle large input dataset (see sections 1.6.2-1.6.3 for more
details)
Integrated TNMAide spreadsheet tool calculations into Process 4 code. This allows users to
conduct noise level computations for two user-specified TMC links, thus eliminating the need to
copy and paste DANA outputs into a separate TNMAide spreadsheet tool
o Created separate DANA Tool tab called “TNMAide”, rather than “Process 4” in main user
interface (see Section 1.6.6 for more details)
o Replicated TNMAide spreadsheet data visualizations in separate DANA Tool tab (see
Section 1.6.6.2 for more details)
Added interactive GIS component to TMC Selection Tool for TNMAide input, thus eliminating
need for the RITIS website to visualize selected TMCs (see Section 1.6.6 for more details)

1.2.3 Bug Fixes

Process 1 parquet output file is now consistently prepopulated for Process 2-3 input

TMCs no longer dropped from Process 1 tier matching when road sign value is null (now default
to tier 3 or 4)

TMCs no longer dropped from Process 1 tier matching for ring roads with non-NEWS direction
(now default to tier 3 or 4)

TMC Selection Tool can now be run more than once in the same session



1.3 Setup

1.3.1 Computer Requirements
Given the large dataset that the tool processes, high-capacity hardware should be used to run the DANA
tool. The following hardware configuration is recommended for running the tool:

High-capacity computer including a powerful computer processing unit (CPU) (e.g., Intel Xeon)
and at least 16 GB of free random-access memory (RAM)>

Sufficient hard disk space to store output data

Windows Operating System

1.3.2 Installation
There are nine total installers® to unpack the DANA tool and associated input files:

DANA _Installer.zip, which will install the DANA tool executable and some of the smaller default
input files

Seven different DANA_TMAS|year]_Installer.zip files, which will extract the larger TMAS input
data files within the proper folder structure’ (“year” indicates the year represented by the TMAS
data in that installer, 2015-2021 data now included)

DANA_EXAMPLE_DATA Installer.zip, which will extract sample data from Middlesex County, MA
to use for self-training on the DANA tool

The order in which the installers are executed has no effect on their functionality. All installers can be
accessed here: https://www.fhwa.dot.gov/environment/air_quality/methodologies/dana. There is a
potential for your network’s anti-virus software to block the installer executable(s), in which case you
should contact your IT department to unblock the executable(s).

Once downloaded, double clicking on any installer will launch a similar setup wizard, exemplified for
DANA _Installer.exe in Figure 1. The first screen will ask if the tool should be installed for the current user
or all users. Installing for all users will change the installation directory and may require administrative
privileges.

5 ldeal specification would be 32 GB or more RAM
6 The sample data is only for self-training and is not required if users download their own local HPMS and NPMRDS

data

7 See Section 1.6.2 for details
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elect Setup Install Mode

e Select install mode

FHWA DAMNA Tool can be installed for you only, or for all
users (requires administrative privileges).

— Install for me only (recommended)

¥ Install for all users

Cancel

Figure 1. Screenshot. Setup wizard opening window

After choosing for whom to install the tool, the next screen shows the installation directory, as in Figure
2. If satisfied with the default extraction directory, click “Next”. Otherwise, choose an alternate directory
by clicking “Browse...” before clicking “Next”. Note that if one of the other installers has been run
previously, a message may appear to warn that the installation folder already exists. This can safely be
closed by clicking “Yes” to continue installing in the existing DANA Tool installation folder.

0 Setup - FHWA DAMNA Tool version 2.1 — x

Select Destination Location

Where should FHWA DANA Tool be installed?

l ]] Setup will install FHWA DAMA Tool into the following folder.

To continue, dick Mext. If you would lke to select a different folder, dick Browse.

ie. Kaye\WppDataLocal \FHWA DANA Too Browse...

At least 971.2 MB of free disk space is required.

Figure 2. Screenshot. Setup wizard installation directory
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The following window will prompt the user to decide whether to create a desktop shortcut, as shown in
Figure 3. Check the box to create a shortcut or leave the box unchecked to skip the step during the

installation. Note that this decision point will only appear for the DANA Tool installer, not for the input
data installers. Click “Next” to continue.

Q Setup - FHWA DAMA Tool version 2.1 —

Select Additional Tasks
Which additional tasks should be performed?

0.

Select the additional tasks you would like Setup to perform while installing FHWA DAMA Tool, then didk
Mext,

Additional shortouts:
[] create a desktop shortout

Figure 3. Screenshot. Setup wizard Select Start Menu Shortcut Folder window

The following window reviews your selections from the previous two windows, as shown in Figure 4. If
dissatisfied, click “Back” to return to a previous window. Otherwise, click “Install”.



e Setup - FHWA DAMA Tool version 2.1 — >

Ready to Install
Setup is now ready to begin instaling FHWA DAMA Tool on your computer.

Click Install to continue with the installation, or dick Back if you want to review or change any settings.

Destination location:
Ci\Jsers\Sophie. Kaye\AppData\Local \FHWA DAMA Tool

Back Install Cancel

Figure 4. Screenshot. Setup wizard Ready to Install window

The following window displays a progress bar of the installation and/or unpacking process, as shown in,
Figure 5.



Q Setup - FHWA DAMNA Tool version 2.1 — >

Installing
Please wait while Setup installs FHWA DANA Tool on your computer.

Extracting files...
C:\Users'\Sophie.Kaye\AppData'Local\FHWA DAMA Tool\DANAT ool exe

Cancel

Figure 5. Screenshot. Setup wizard Installing window

When installation and unpacking have finished, a message will display, as shown in Figure 6. Click “Finish”
to close the setup wizard.



e Setup - FHWA DANA Tool version 2.1 —

Completing the FHWA DANA Tool Setup
Wizard

Setup has finished installing FHWA DAMA Tool on your computer, The
application may be launched by selecting the installed shortouts.

Click Finish to exit Setup.

Launch FHWA DANA Toal

Figure 6. Screenshot. Setup wizard final window
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1.4 Graphic User Interface Operations

1.4.1 Operating the Main GUI
Double click the DANA tool executable to launch the program. The splash screen will appear to indicate
the application is loading, as shown in Figure 7.

\OBB\bin\Qt5Network.dll

Figure 7. Screenshot. Splash Screen

Once the main GUI is loaded, it will appear as shown in Figure 8.
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3 FHwa DANA Tool - v2.1

Welcome to FHWA's DANA Tool

Select Output Folder Location

Select State:

[] 0. Pre-Process Raw TMAS Data (optional)

1. Process Raw MPMRDS Data

Run Process 1 Cancel Process 1

(®) Auto-detect date range from NPMRDS data.

(") Or, select a date range to process (must be within the minimum and maximurn dates in the NPMRDS data).

Start Date:  1/2/24

Select Processed TMAS Station
Select Processed TMAS Class
Select MPMRDS (Al

Select NPMRDS (Passenger)
Select NPMREDS (Truck)

Select Default Speeds

Select TMC Configuration

Select Emission Rates

Select FIPS File

Select NEI Representative Counties

2. Produce MOVES Inputs

Select Processed MPMRDS
Select HPMS

Select Road Class Mileage

Select County Mileage file

3. Produce Speed Distributions

Select Processed MPMRDS

End Date: |1/2/24

ChUsers\Sophie Kaye\AppData\LocalhFHWA DANA Tool\Default Inpu

Ch\Users\Sophie.Kaye\AppData Local\FHWA DANA Tool\Default Inpu
ChUsers\Sophie.Kaye\AppDataiLocal\FHWA DANA Tool\Default Inpu

ChUsers\SophieKaye\AppData\Local\FHWA DANA Tool\Default Inpu

Run Process 2| | Cancel Process 2

Run Process 3| | Cancel Process 3

Figure 8. Screenshot. Main graphic user interface
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Specify the desired directory for the output files, as shown in Figure 9. Note that the file path chosen
cannot contain any spaces.

€3 FHWA DANA Tool - v2.1

Welcome to FHWA's DANA Tool

;D "9 Progress Log TMC Selection TNMAide Data Visualization
Select Output Folder Location

#® Choose Output Folder x

< v B <« DANATool » Middlesex_MA > ~ ] O Search Middlesex_MA

SEE 4

Organize v New folder B== (2]

A Name Date modified Type
s Quick access

2018 10/18/2023 3:34 PM File folder
[ This PC

P 3D Objects
[ Desktop
[Z Documents
& Downloads
b Music

&= Pictures
B Videos

23 Windows (C:) v <

Folder: | 2018

Select Folder Cancel

Figure 9. Screenshot. Output folder selection

Select which state® to analyze from the dropdown menu, as shown in Figure 10.

€3 FHWA DANA Tool - v2.1

Welcome to FHWA's DANA Tool

Datapfoce“lﬂg Progress Log TMC Selection TNMAide Data Visualization

Select Output Folder Location HADANATeol\Middlesex_MA\2018
Select State: lv
1A A
[] 0. Pre-Process Raw TMAS Data (optional) KS
KY
LA
1. Process Raw NPMRDS Data ME
MD
(® Auto-detect date range from NPMRDS data.
(O Or, select a date range to process (must be within the mIN
Start Date:  10/18/23 End Date:  10/14MS ¥

Figure 10. Screenshot. State selection

& The DANA Tool only contains data for D.C. and the 50 states. Puerto Rico and other territories are not found in
the dropdown list.
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If running Process 1, choose whether the output data should reflect the entire temporal extent of the
NPMRDS input data by maintaining the default first radio button selection (“Auto-detect date range...”),
or if the output data should reflect a subset of the temporal extent of the NPMRDS input data by
choosing the second radio button option (“Or, select a date range...”) and selecting a valid date range, as
illustrated in Figure 11. See Section 1.6.3 for more details.

€3 FHWA DANA Tool - v2.1

Welcome to FHWA's DANA Tool

_5: Progress Log TMC Selection TNMAide Data Visualization

Select Output Folder Location HADANATool\Middlesex_MA\2018

Select State: MA L

I:] 0. Pre-Process Raw TMAS Data (optional)

1. Process Raw NPMRDS Data Run Process 1 | Cancel Process 1
(O Auto-detect date range from NPMRDS data.

(®) Or, select a date range to process (must be within the minimum and maximum dates in the NPMRDS data).

Start Date: |6/1/13 v | EndDate: 8/31/18

Select Processed TMAS Station n August n n 2016 n

Mon Tue Wed Thu Fri Sat Sun
Select Processed TMAS Class

8l 30 (31| 1| 2| 3 45
Select NPMRDS (All) 321 6 |7 |8 |9 |10 1112
33| 13 (14 |15 |16 | 17 |18 | 19
Select NPMRDS (Passenger) 24 20 |21 | 22 | 23 | 24 | 25 26
Select NPMRDS (Truck) B 27 | 28 |29 | 30 1 2
B 2 | 2 | 5 | 6 | 7 [NENNS

Select Default Speeds

Figure 11. Screenshot. Date range selection

Locate the input data files for the desired process® by clicking the selection buttons in the relevant
process section of the GUI, exemplified in Figure 12. If one or more of the required input files are

detected from a previous run,° the available file(s) will automatically appear to the right of the
corresponding selection button(s).

9 See Section 1.6 for details.
10 See Section 1.5 for details.
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€3 FHWA DANA Tool - v2.1 - O

Welcome to FHWA's DANA Tool

Progress Log TMC Selection TNMAide Data Visualization

Select Output Folder Location | H:\DANAToo\Middlesex_MA\2018

Select State: \MA v

[] 0. Pre-Process Raw TMAS Data (optional)

1. Process Raw NPMRDS Data Run Process 1 | Cancel Process 1
Q Choose Processed TMAS Station File X
€« v o <« Middl.. » NPMRDS Data v ] Search NPMRDS Data
Organize v New folder =z = e
A Name Date medified Type
# Quick access
£33 MA_MIDDLESEX_2018_ALL.csv 12/28/2020 11:41 AM Micrg
B3 This PC £37) MA_MIDDLESEX_2018_PASSENGER.csv 12/28/2020 11:41 AM Micrd
) 3D Objects £3:] MA_MIDDLESEX_2018_TRUCKS.csv 12/28/2020 11:34 AM Micrd
[ Desktop £33 TMC Identification.csv 1/21/2021 9:52 PM Micrg
| Documents
¥ Downloads
D Music
&= Pictures
Vid
B videos o =
File name: v ‘ csv file (*.csv) ~

Figure 12. Screenshot. Input file selection

Click the “Run Process X” button at the top of each process section of the GUI to execute that process.
Initiating a process will open the Progress Log tab (Figure 13) and the user can navigate between tabs via
click at any time.
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R R R R R R PIDd'.J.CE HD‘\?‘ES \F}II‘ I.'lp'.:lts R R R R R R R R R
Processing State VMT data
Reading in State HPMS
Reading in Highway Statistics VM2
Reading in HPMS County Rd Mileage
Processing VMT for functional system 1-5
Processing VMT for rural functional system 6 and urban and rural 7
took: 0.509
Reading Composite Dataset
took: 259.53%
Developing monthly VMT Fractions dataset
took: 4.6l2
Developing daily VMT Fractions dataset
took: &6.715
Developing hourly VMT Fractions dataset
cook: 3.383
Developing Regional VMT summaries
took: 1.720
Developing RoadType VMT summaries
took: 2.512
Cutputs saved in H:/DANATool/Middlesex MR/2018/Process2 MOVES VMT Distributions/
kEkAkAEH*4Process Completed***aksadas

Figure 13. Screenshot. Progress Log GUI tab with script status and runtime messages

While a process is running, all "Run Process X" buttons on the Data Processing tab will be disabled (as
indicated by their greyed out appearance) and a new "Process X Running" status message will appear to
the right of the "Cancel Process X" button in the relevant GUI section (Figure 14). If desired, processing
can be halted mid-computation by clicking the “Cancel Process X” button.

2. Produce MOVES Inputs Run Process 2 | Cancel Process 2| |Process 2 Running

Figure 14. Screenshot. DANA GUI appearance during processing

After a process has finished running, the GUI will not advance to the subsequent process on its own. The
user must initiate each process using the respective buttons, after selecting all required input files.
Internal checks are implemented to ensure all required input files are provided. Warning reports will
appear to prompt for missing selections, as demonstrated in Figure 15.

# Wamning — O x

Mo MPMRDS All Data selected, please select again.

Figure 15. Screenshot. DANA missing input file warning window
It is possible to operate the DANA Tool without a mouse using the following keyboard commands:

¢ Tab—move between the items in the tool (buttons, drop-down lists, etc.)

e Down Arrow —open a drop-down list

¢ Up and down arrows — move between items in a drop-down list

e Enter —select an item in a drop-down list

e Spacebar — press a button or check a checkbox

e Esc - close a drop-down list or file browser without making a selection

e Ctrl +Tab — move between tabs at the top of the tool; navigate out of the progress log back to
the tabs at the top
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1.4.2 Progress Log Tab Output
Script running status and runtime messages will be displayed in the Progress Log tab of the main GUI, as
exemplified in Figure 13. At the completion or termination of each process, the contents of this tab are
exported to progress_log.txt in the root folder of the selected output file directory. Note that this file is
cumulative such that it encompasses the progress for every process run while the DANA Tool is open.
The messages generally show the step currently executing from the process script and time spent
processing the previous steps. The actual processing times will vary based on the process, county input
data size, and the available computational resources of the user computer.

Occasionally, warning messages may appear, signified by phrases such as “UserWarning”,
“FutureWarning”, or “SettingWithCopyWarning”. While the warning messages should be reviewed, they
will not cause errors in the data processing. However, error messages signified by phrases such as
“IndexError”, ValueError”, “KeyError”, or “ParserError” should be investigated, as they likely halt data
processing or indicate improper output data. An example error message indicating halted data

processing is shown in Figure 16.

ERARERAEERY Produce MOVES VMT IT.I.F'.J.TI-S R R R EEE

Processing State VMI data

Eeading in State HPMS

Eeading in Highway Statistics VM2

Traceback (most recent call last):
File "NTD 05 main GUI.py", line 280, in process handler
File "1ib\NTD 02 MOVES.py", line 91, in MOVES

IndexError: index 0 i=s out of bounds for axis 0 with size 0

ek J,. Produce MOVES Inputs has finished running #*#%**

Figure 16. Screenshot. Progress Log GUI tab with error message

In some cases, Python does not free up used memory between runs of the DANA tool. This is indicated
by an error message that states, “C error: out of memory”. In such situations, close the DANA tool GUI to
completely free up the RAM and restart.

1.4.3 Technical Support
All inquiries regarding the tool itself and the input data should be directed to DANAhelp@dot.gov for
dissemination to the proper point of contact based on the issue.
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1.5 Data Flow

The DANA tool consists of seven production scripts and several data files in a set of folders. The general
data processes and associated Python scripts are as follows:

Table 1. Data Processes and Python Scripts

Process # Process Name Script Name
0 Process Raw TMAS Data (optional) | NTD_00_TMAS.py
1 Process Raw NPMRDS Data NTD_O01_NPMRDS.py
2 Produce MOVES Inputs NTD_02_MOVES.py
3 Produce Speed Distributions NTD_03_SPEED.py
N/A TNMAide TNMAide.py
N/A Run Graphic User Interface NTD_05_main_GUl.py
N/A Run TMC Selection Tool NTD_06_selection_GULl.py

The actual processes executed will be based on the user needs and available data e.g., if processed
NPMRDS data are available in the default output folder from a previous run, then Process 1 is not
required in order to run the subsequent processes. The complete script dependencies are displayed in
Table 2.

Table 2. Process Dependencies

Process Input File Required Prior Process Prerequisite
0. Process Raw TMAS Data (optional) N/A N/A
1. Process Raw NPMRDS Data Processed TMAS Station/Class N/A*
2. Process MOVES Inputs Processed TMAS Class Process 1*
3. Produce Speed Distribution Processed NPMRDS Process 1*
TNMAide Processed NPMRDS Process 1*

*If user-defined geographically specific or newly updated TMAS data are used rather than the pre-
processed national TMAS dataset provided with the DANA tool, then Process 0 would also be a
prerequisite. See Section 2 for further instruction.

Each process requires different input data in their given file types. Completing Processes 1-3 creates
inputs for the MOVES application, whereas completing Process 1 creates inputs for TNMAide. Inputs for
all processes, including national default and externally sourced input data as well as Process 1 outputs
used as inputs for subsequent processes, are shown in Figure 17.
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Process 1: NPIVIRQS

NPMRDS (All)

NPMRDS
(Passenger)
NPMRDS
(Truck)

TMC
Configuration

ra

|

Process 2: MOVES

(Create MOVES Tr: f_fic Input)

 Processed

Process 3: SPEED
stributions)

[Key:

Externally
Sourced

Figure 17. Flowchart. DANA tool input data flow flowchart explaining the input files required for processes 1-4.

In addition to vehicle speeds, NPMRDS data also contain the key HPMS data elements. HPMS conflated

data elements contained in the NPMRDS TMC configuration file are enumerated in Table 3.
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Table 3. HPMS conflated attributes contained in NPMRDS data

TMC Attributes HPMS Attributes
tmc f system
road urban_code

direction faciltype
intersection structype
state thrulanes
county route_numb
zip route_sign
start_latitude route_qual
start_longitude altrtename
end_latitude aadt
end_longitude aadt_singl
miles aadt_combi
road_order nhs
timezone_name nhs_pct
type strhnt_tvp
country strhnt_pct
tmclinear truck
frc thrulanes_unidir
border_set aadt_unidir
isprimary aadt_singl_unidir
active_start_date aadt_combi_unidir

active_end_date --

1.5.1 Process1

1.5.1.1 Speed Data Cleaning and Preparation
NPMRDS data for TMC links that are not within the National Highway System (NHS) are removed due to
a lack of key fields required in future processing steps. Speed data from the NPMRDS dataset are also
removed if speeds are above 90 mph or below 4 mph.

Figure 17 shows that NPMRDS input to DANA includes separate files for all vehicles, passenger cars, and
trucks. In some cases, speed data may be missing from these files for particular TMCs, which DANA fills
using the methodologies described in Table 4. The last resort is to use a set of default speeds by
roadway functional class and urban/rural designation chosen for DANA based on AASHTO Green Book
design speed ranges as shown in Table 5.
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Table 4. Speed data gap filling methodologies

Problem Solution
Null
ull passenger Use all vehicle speed
speed

Null truck speed Use all vehicle speed
Derive average speed based on day of week and hour of day using non-null

Null all vehicle
speeds from other input TMCs of the same urban/rural classification and

speed functional class
Null data on
similar TMCs at Use reference speed in NPMRDS input file!!

same time period
Null measured
and reference Use speed based on urban/rural classification and functional class in Table 5
speed

Table 5. Roadway default speed by urban/rural classification and functional class

ey
. Default AASHTO Green Book Design Speed
Urban/Rural: Functional Class Green
Speed Range (mph)

(mph) Book
Section
Urban: Interstate 55 50, 60 8.2.1
Urban: Freeways and Expressways 55 50, 60 8.2.1
Urban: Principal Arterials 40 25, 30, 45, 55 7.3.2.1
Urban: Minor Arterials 40 25, 30, 45, 55 7.3.2.1
Urban: Major Collectors 35 25, 30, 35, 40, 50 6.3.1.1
Urban: Minor Collectors 35 25, 30, 35, 40, 50 6.3.1.1
Urban: Local Roads 30 not a consideration usqally, encourage 5311

speeds not exceeding 30 mph

Rural: Interstate 70 70 is the most common in rural areas 8.2.1
Rural: Freeways and Expressways 70 70 is the most common in rural areas 8.2.1
Rural: Principal Arterials 55 20, 45, 50, 60, 65, 75 7.2.2.1
Rural: Minor Arterials 55 20, 45, 50, 60, 65, 75 7.2.2.1
Rural: Major Collectors 40 20, 30, 40, 50, 60 6.2.1.1
Rural: Minor Collectors 40 20, 30, 40, 50, 60 6.2.1.1
Rural: Local Roads 35 20, 30, 40, 50 5.2.1.1

1.5.1.2 Joining TMAS Data to NPMRDS
There are two key joins performed between the NPMRDS speed data and the TMAS vehicle classification
count data in Process 1. The first join assigns fleet classification distribution percentages as calculated

11 See Section 4.1 for details on each input data column.
12 AASHTO (2018) A Policy on Geometric Design of Highways and Streets, 7t Edition. The American Association of
State Highway and Transportation Officials, AASHTO Green Book, Washington DC.
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from the TMAS data. This join is performed in seven successive “tiers”, each one more aggregate than
the previous tier. Whole number tiers are for a specific month, day type (weekday or weekend), and
hour within the year. The tiers marked X.5 are annual averages of the preceding tier and are only used if
there are at least three months of TMAS station data for the given whole number tier aggregation.
These annual averages are specific to the hour of the day and the weekday or weekend designation, but
are averaged over the entire year. The hierarchy of tiers is as follows:

e Tier 1: exact roadway match

e Tier 1.5: annual average of exact roadway match

e Tier 2: state, county and route

e Tier 2.5: annual average of state, county, and route match

e Tier 3: state, urban/rural, and roadway functional class'® match

e Tier 3.5: annual average of state, urban/rural, and roadway functional class match
e Tier 4: national, urban/rural, and roadway functional class match

The second join in Process 1 assigns a volume factor to each TMC link which represents the deviation of
total fleet volumes from the AADT. The deviation factor, or modified average annual daily traffic
(MAADT), can be multiplied by the AADT to estimate the total fleet volume. The MAADT is calculated as
an average for each month and each day type (weekdays or weekends). Similar to the fleet distribution
join, the MAADT join is performed in four successive tiers. The tiers are defined similarly to the tiers
used in the fleet distribution calculation but lack the annual averaging half tiers. Thus, the tiers are
defined as follows:

e Tier 1: exact roadway match

e Tier 2: state, county and route match

e Tier 3: state, urban/rural, and roadway functional class'* match
e Tier 4: national, urban/rural, and roadway functional class match

Figure 18 illustrates Process 1, in which the composite link-level dataset is created by joining NPMRDS
speed data’® and TMAS vehicle classification count data for the selected state with the national MOVES
emission rates. Note that if TMAS data for the selected state and year are unavailable, DANA defaults to
the national average TMAS data for that year.

13 Roadway functional classes are denoted 1-7, which represent the following categories, in ascending order:
interstates, freeways and expressways, principal arterials, minor arterials, major collectors, minor collectors, and
local roads. Note that DANA does not account for operations on non-roads such as driveways, parking lots, etc. so
one cannot use DANA inputs to run MOVES analyses that include “off-network” operations.

14 Roadway functional classes are denoted 1-7, which represent the following categories, in ascending order:
interstates, freeways and expressways, principal arterials, minor arterials, major collectors, minor collectors, and
local roads. Note that DANA does not account for operations on non-roads such as driveways, parking lots, etc. so
one cannot use DANA inputs to run MOVES analyses that include “off-network” operations.

15 Note that the NPMRDS reported speed values represent a harmonic average of all the vehicles logged during
that time period. i.e., n/(1/x1 + 1/x2 + 1/x3...1/%x)
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To account for varying traffic patterns throughout the week, the Process 1 output data include the
distinction of weekdays from weekends, in which holidays?® are considered weekends. Process 1 output
includes the NPMRDS passenger car and truck speed column in the final link-level output dataset.

CLASS
Define HPMS and Noise Distribution Define Volume Deviation
v v
HPMS/NOISE CLASS TOTAL VOLUME DEVIATION
Tier 1: Close Proximity, TMCITMAS Tier 1: Close Proximity, TMC/TMAS
Tier 1.5: Annual Average of Tier 1 Tier 2: State, County, Route, DOW, Peaking, Hour
Tier 2: State, County, Route, DOW, Peaking, Hour Tier 3: State, Functional Class, DOW, Peaking, Hour
Tier 2.5: Annual Average of Tier 2 Tier 4: Functional Class, DOW, Peaking Hour
Tier 3: State, Functional Class, DOW, Peaking, Hour
Tier 3.5 Annual Average of Tier 3
Tier 4. Functional Class, DOW, Peaking Hour
NEI Data
NFMRDS
¥ v
. . HH_DD_MM_YYYY Distributions, MOVES RATES MERGE
Calcqlat%r:mffdmmr.ms ——> Deviations, Speeds < National MOVES Rates
using 1de-py (Composite Dataset)
| ' !
MOVES County-Level Inputs Traffic Data for Noise Tool Searchable Composite Dataset

Figure 18. Flowchart. Final stage composite dataset processing (Process 1)

1.5.1.3 Emissions Data Processing
DANA uses emission rates data derived from EPA’s national emissions inventory (NEI). The data provided
by EPA give the emission rate in each three-month season, average speed bin, road type (including
urban or rural classifications) HPMS vehicle type, in a set of representative counties around the country.
These variable emission rates account for meteorological trends, variation of fuels, and
inspection/maintenance programs throughout the year and around the country. The DANA tool matches
emission rates for different vehicle types to the link-level traffic dataset using the NEI representative
county id for each county in the link level dataset along with the month, hour, road type and average
speed. Emission rates are matched separately for passenger vehicles and heavy-duty vehicles using the
passenger and truck speeds from the NPMRDS input data. The resulting column labels with emission
rates data indicate the HPMS vehicle types as well as the pollutant ID. The following criteria pollutants
and precursors are included: carbon monoxide (CO), oxides of nitrogen (NOXx), volatile organic

16 DANA detects dates for the following federal holidays each year: New Year’s Day, Martin Luther King Jr. Day,
Presidents Day, Memorial Day, July 4th, Labor Day, Columbus Day, Veterans Day, Thanksgiving, Christmas
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compounds (VOCs), particulate matter with a diameter less than 2.5 micrometers (PM; s), and
particulate matter with a diameter less than 10 micrometers (PM1o).

1.5.1.4 Noise Data Processing
DANA uses the hourly speed, volume, and vehicle mix data from the link-level traffic dataset to compute
A-weighted equivalent sound level (LAeq) for each link!’ for every hour in one year. It then compares the
8760 noise level computations®® to designate the worst noise hour amongst the whole year as the
maximum 1-hour LA, for each link. In addition to reporting the LAcq for the worst noise hour of the year,
DANA calculates the Day-Night Level (Lon) and the Day-Evening-Night Level (Lpen) using the hourly traffic
data for the day in which the worst hour occurred for each link. Lon heavily weights the noise levels from
10 PM to 7 AM by applying a nighttime noise level penalty. Loen heavily weights the noise levels from 10
PM to 7 AM by applying the same nighttime noise level penalty and mildly weights the noise levels from
7 PM to 10 PM by applying a lighter evening noise level penalty. These metrics are intended to
acknowledge more noise-sensitive times of day when people may be sleeping. In addition to the worst-
hour LAeq as well as Loy and Loen for the day in which the worst hour occurred, DANA also computes worst
hour LAeg, 24-hour LAeg, Lon, and Loen for each link with respect to the Average Day based on the same
link-level traffic dataset from Process 1. The Average Day consists of 24 one-hour noise levels, each of
which represents the average of the specified hour over the 365 days (or 366 days for leap years).

During all noise computations, reference energy mean emission levels (REMELs)® for each vehicle type
are adjusted for volume and speed to determine the total noise for the traffic on each link including all
vehicle types at the 50-foot reference distance from the TMC geometry given in the shapefile. Since only
car and truck speeds are available in the NPMRDS data used to produce Process 1 outputs, the speeds
for cars are applied to medium trucks and the speeds for trucks are applied to buses. Motorcycles use
the average speed.

1.5.2 Process 2
In Process 2, the class distributions and MAADT total traffic deviation factor computed using the TMAS
data in Process 1 are applied to the HPMS AADT to determine volume by vehicle class, month, and
weekday or weekend day type. Statewide annual VMT data by functional class (Table VM-2 data) are
used as a statewide control total, as those data are the most reliable source for all roadways in the
continental United States. County level VMT are adjusted such that they sum to this statewide total as a
quality control measure for the resultant MOVES data. DANA version 2.1 also includes enhanced traffic
count location validation using the reliable station latitude and longitude data to match with HPMS

17 Note that Process 1 computes the noise emissions due to the traffic on each link alone. Isolating the noise
emissions from each link may not represent the real-world noise levels 50 feet from each link, which may be
influenced by the noise emissions from the traffic in the opposite direction of travel or nearby links in the same
direction of travel, all of which operate simultaneously.

18 24 hours per day * 365 days = 8760 hourly computations. Note that TNMAide will also evaluate the additional 24
hours in leap years

19 https://rosap.ntl.bts.gov/view/dot/6290
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roadway geographies.?’ DANA obtains AADT and roadway information (e.g., functional class) from HPMS
for the vehicle types shown in Table 6.

Table 6. HPMS vehicle types

HPMS Vehicle Code Vehicle Type

10 Motorcycles
25 Passenger cars
40 Busses

50 Medium trucks
60 Heavy trucks

1.5.3 Process 3
Process 3 uses the average speeds from the NPMRDS passenger and truck speed columns in each hour
of the day to calculate MOVES average speed bin distributions. There are 15 bins, each of which span a
range of 5 miles per hour starting at 2.5 miles per hour, with a 16" bin accounting for all speeds 2.5
miles per hour and below. Process 3 uses the HPMS vehicle type distributions from the process 1 output
to distribute the resulting speed distributions for passenger and truck speeds into the corresponding
HPMS passenger or truck vehicle type numbers. This improves the precision of the resulting speed
distribution data. he speed distributions are by the HPMS vehicle type distributions to improve accuracy.
The NPMRDS passenger and truck speed data is distributed into the HPMS and MOVES vehicle types, as
shown in Table 7.

Table 7. NPMRDS, HPMS, and MOVES Vehicle Types

NPMRDS Speed HPMS MOVES Vehicle Types
Vehicle Type Vehicle Code
Passenger 10 Motorcycles (11)
Passenger 25 Passenger cars, passenger trucks, light commercial history (21, 31,
32)
Truck 40 Transit buses, school buses, other buses (41, 42, 43)
Truck 50 Singe unit short and long-haul trucks, refuse trucks, motor homes
(51, 52, 53, 54)

Truck 60 Combination short and long-haul trucks (61, 62)

1.5.4 TNMAide
TNMAIide processing in DANA requires the link-level traffic dataset output from Process 1, in addition to
user inputs of roadway grade, numbers of lanes, and median width. These inputs are used to compute
combined Worst Hour noise level from a pair of user-specified TMC links at the 50-foot reference
distance from the center of the nearest lane. The number of lanes and median width adjust the sound
levels from the far lanes for propagation distance based on geometric spreading of a simple line source
like a straight roadway. TNMAide in DANA assumes 12-foot lanes and the center of the lane grouping for
each direction of travel as the propagation points-of-origin. The roadway grade is accounted for by

20 The only TMAS station data used are the station ID and latitude and longitude coordinates. All other roadway
information comes from the more reliable HPMS data.
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adjusting heavy truck REMELs in the same fashion as TNM, in which full-throttle acceleration REMELs
are used for heavy trucks when the user-input roadway grade is greater than 1.5%.%

TNMAide can also compute LA¢q, Lon, and Loen for future years by inputting a future year AADT. The
computation uses the same hourly speed and vehicle mix data from the link-level traffic dataset output
from Process 1 and scales the volumes from the Process 1 output based on the future AADT input by the
user.

It is important to note that TNM can predict noise levels at many positions at any given location and
allow for changes in the levels due to vehicle type, volume and speed, roadway to receiver distance,
shielding, and ground effects. To simplify the complex propagation routines found in TNM, TNMAide
focuses on vehicle type, volume, and speed since noise levels at the 50-foot reference distance are
dominated by these factors in cases where there is no shielding between the roadway and receiver.

21 https://www.fhwa.dot.gov/environment/noise/traffic noise model/tnm v32/tnm32-technical-manual-
2023.pdf
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1.6 Input/Output Data Specifications
Section 1.6.1 provides instruction on combining input data from various years to achieve the desired
output. Section 1.6.2 presents a list that details the file structure of the DANA tool including nested
folder hierarchies. Sections 1.6.3-1.6.6 summarize the input data required for each process, including
instructions on how to obtain and format externally downloaded data. Section 3 provides notes on each
input file including the type, the file location, source, and download link, if applicable. The tables in
Section 4 and Section 5 describe each dataset by column including the column name, column
description, data type, and an example entry.

1.6.1 Yearly Data Latency
A significant amount of offset exists in the availability of the three data sources that comprise the
composite dataset:

e TMAS vehicle classification data are available annually 5 months later (e.g., 2019 data are
available in May 2020).

e NPMRDS is available on a monthly basis within five business days after the end of the month
(e.g., March’s data is availability on April 5).

e HPMS is available annually 10-11 months later (e.g., 2019 data are available in November 2020).

e The NPMRDS contractor conflates key HPMS data items to the NPMRDS Search Results
Transportation Management Center (TMC) configuration file annually, but the lag is always two
years. Currently, the following data matches are available:

o 2022 NPMRDS network is matched to 2020 HPMS data

2021 NPMRDS network is matched to 2019 HPMS data

2020 NPMRDS network is matched to 2018 HPMS data

2019 NPMRDS network is matched to 2017 HPMS data,

2018 NPMRDS network is matched to 2016 HPMS data, and

2017 NPMRDS network is matched to 2015 HPMS data.

O O O O O

As noted above, the HPMS data that is conflated onto the NPMRDS data downloads will always
represent data from 2 years prior to the speed data in the NPMRDS. This makes it difficult to completely
align the years for all of the datasets used in the DANA tool processes. Users should decide what
combination of input data years to use based on their specific data processing objectives. Table 8
outlines three different output data objectives and the corresponding DANA tool processes required to
produce the desired dataset.

Table 8. Required DANA Tool processes by output data objective

Output Data Objective Required Processes
Link-Level Emissions Inventory Process 1
County-Level MOVES Input Processes 1-3

Link-Level TNMAide Output Process 1 and TNMAide

Table 9 provides example input data combinations for each objective to illustrate how the input data
years impact the output data. These examples are also FHWA’s recommendation as a starting point for
the best methods to align years. For processes 2 & 3, which provide MOVES county-level inputs, priority
is given to aligning class, speed, and VMT data, such that only the speed distributions are weighted using
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AADT from a previous year. For Process 1 and TNMAide, it is difficult to align class, speed, and VMT data
due to the 2-year offset included in the conflation of HPMS data items to the NPMRDS. Therefore, it is
suggested that input data be aligned with the AADT provided in the offset HPMS data inherent to the

NPMRDS input.

Processes | Input Data Objective

Table 9. Example input data combinations

DANA Tool Inputs

DANA Tool Outputs

1-3 Align class, speed, and
VMT distributions

1and Align input data to
TNMAide AADT in HPMS

1.6.2 Folder Structure

Process 1:

e 2019 NPMRDS data
(which includes
2017 HPMS data)

e 2019 TMAS
Process 2:
e 2019 HPMS

e Process 1 outputs

e 2019 Table VM-2

e 2019 county
mileage summaries

Process 3:

* Process 1 outputs

Process 1:

e 2019 NPMRDS data
(which includes
2017 HPMS data)

e 2017 TMAS

TNMAide:

e Process 1 outputs

Process 1:

e Link-level dataset: 2019 speeds
and vehicle class distributions,
2017 VMT

Process 2:

e  MOVES county-level VMT input
files based completely on 2019
data

Process 3:

e MOVES speed distribution input
files based on 2019 speeds, but
weighted using 2017 AADT

Process 1:

e Link-level dataset: 2019 speeds;
2017 vehicle class distributions
and VMT

TNMAide:

e Traffic summaries for TNMAide:
2019 speeds, 2017 vehicle class
distributions and AADT, worst
hour noise level predictions
using these traffic summaries

The following list details the file structure of the DANA tool including nested folder hierarchies. Bold text
indicates a folder and non-bolded text indicates a file. The images to the right of the folders correspond
to the categories shown in Figure 17. Note that the root FHWA DANA Tool folder will exist wherever
specified when using the installer (Figure 2).

FHWA DANA Tool

1. Default Input Files

a. HPMS County Road Mileage

i. County_Road_Mileage_2015.csv
ii. County_Road_Mileage 2016.csv
iii. County_Road_Mileage_2017.csv
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iv. County_Road_Mileage 2018.csv
v. County Road_Mileage 2019.csv
vi. County_Road_Mileage_2020.csv

b. Statewide Functional Class VMT

State_ VMT by Class_2015.csv
State_VMT_by_Class_2016.csv
State VMT by Class_2017.csv

iv. State VMT by Class_2018.csv

v. State_VMT_by_Class_2019.csv

vi. State_ VMT by Class_2020.csv
c. TMAS Data

TMAS 2015

1. TMAS Class_Clean_2015.csv
2. TMAS_Station_2015.csv
ii. TMAS 2016
1. TMAS_Class_Clean_2016.csv
2. TMAS_Station_2016.csv
iii. TMAS 2017
1. TMAS_Class_Clean_2017.csv
2. TMAS_Station_2017.csv
iv. TMAS 2018
1. TMAS_Class_Clean_2018.csv
2. TMAS_Station_2018.csv
v. TMAS 2019
1. TMAS_Class_Clean_2019.csv
2. TMAS_Station_2019.csv
vi. TMAS 2020
1. TMAS_Class_Clean_2020.csv
2. TMAS_Station_2020.csv
d. FIPS County Codes.csv National
e. National_Default Roadway_Operating_Speed.csv
f. NEI2017_RepresentativeCounties.csv
g. NEI2017_RepresentativeEmissionsRates.parquet
Final Output (Subfolders and files created after running associated processes, not immediately
included in folder structure)
a. Processl_LinkLevelDataset
i. OUTPUT-chunkX, where X represents the sequential count of folders starting
from 0
1. tierl_class.csv
tierl_annualaverage_class.csv
tierl_volume.csv

tier2_class.csv
tier2_annualaverage_class.csv

ok wnN

tier2_volume.csv
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7. tier3_class.csv
8. tier3_annualaverage class.csv
9. tier3_volume.csv Output from
10. tierd_class.csv previous processes
11. tierd_volume.csv
12. XX_Composite_Emissions.parquet, where XX represents the state
abbreviation
13. XX_Composite_Emissions SUMMARY.csv, where XX represents the state
abbreviation
14. XX_Composite_Emissions SAMPLE.csv, where XX represents the state
abbreviation
15. npmrds_average_speed_values.csv
XX_Composite_Emissions.parquet, where XX represents the state abbreviation
XX_Composite_Emissions_ SUMMARY.csv, where XX represents the state
abbreviation
XX_Composite_Emissions_ SAMPLE.csv, where XX represents the state
abbreviation

b. Process2_MOVES_VMT_Distributions

XX_MONTH_VMT
1. XX_MONTH_VMT_YY.0.csv, where XX represents the state abbreviation
and YY.0 represents the county code
2. XX_MONTH_VMT_YY.O.csv, where XX represents the state abbreviation
and YY.0 represents the county code
3. Etc. for all counties within state
XX_DAY_VMT
1. XX_DAY_VMT _YY.O.csv, where XX represents the state abbreviation and
YY.0 represents the county code
2. XX_DAY_VMT_YY.0.csv, where XX represents the state abbreviation and
YY.0 represents the county code
3. Etc. for all counties within state
XX_HOUR_VMT
1. XX_HOUR_VMT _YY.0.csv, where XX represents the state abbreviation and
YY.0 represents the county code
2. XX_HOUR_VMT _YY.0.csv, where XX represents the state abbreviation and
YY.0 represents the county code
3. Etc. for all counties within state
XX_REGIONAL_VMT
1. XX_REGIONAL_VMT_YY.O.csv, where XX represents the state abbreviation
and YY.0 represents the county code
2. XX_REGIONAL_VMT_YY.0.csv, where XX represents the state abbreviation
and YY.0 represents the county code
3. Etc. for all counties within state
XX_ROADTYPE_VMT
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vi.
vii.
viii.
iX.
X.

1. XX_ROADTYPE_VMT_YY.0.csv, where XX represents the state abbreviation
and YY.0 represents the county code
2. XX_ROADTYPE_VMT_YY.0.csv, where XX represents the state abbreviation
and YY.0 represents the county code
3. Etc. for all counties within state
XX_MONTH_VMT.csv, where XX represents the state abbreviation
XX_DAY_VMT.csv, where XX represents the state abbreviation
XX_HOUR_VMT.csv, where XX represents the state abbreviation
XX_REGIONAL_VMT.csv, where XX represents the state abbreviation
XX_ROADTYPE_VMT.csv, where XX represents the state abbreviation

c. Process3_MOVES_Speed_Distributions

XX_SPEED_DISTRIBUTION, where XX represents the state abbreviation
1. XX _SPEED_DISTRIBUTION_YY.csv, where XX represents the state
abbreviation and YY represents the county code
XX_SPEED_DISTRIBUTION.csv, where XX represents the state abbreviation

d. TMC_Selection

TMCs_X_Y_Z.txt, where X represents the county, Y represents the road name,
and Z represents the roadway direction selected by the user

3. Lib?? (Folder for supporting function definition files and processing code)

® oo oo

numpy.libs (folder containing python libraries)
pandas.libs (folder containing python libraries)
pyproj.libs (folder containing python libraries)
pyzmgq_.libs (folder containing python libraries)
ShapeFiles

i.

XXXXX.ext, where XXXXX represents each state name and .ext represents the file
extension (each state has a corresponding .shp and other database formats in
this subfolder)

f. ShapeFilesCSV

XXXXX.csv, where XXXXX represents each state name

g. shapely.libs (folder containing python libraries)
h. TNMPyAide (folder containing code required to run the TNMAide tab)

i
ii.
iii.
iv.
V.
vi.
vii.
viii.
ix.
X.
Xi.

UnitTests (folder containing calculation checks)
call_TNMAide.py
Compute_REMELs.py
Create_TNMAide_Input_CSV.py
DANA_Noise_Data.py
DANAPIlot.py
Sound_Pressure_Level_Metrics.py
tnm_remels_coeff.csv
TNMPyAide.py
UnitTest_DANA_Noise_Data.py
UnitTest DANAPIot.py

22 Between public releases, the most recent version of the Python data processing scripts can be found at
https://github.com./VolpeUSDOT/FHWA-DANATool.
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xii. UnitTest_Remels.py
xiii. UnitTest_SPL.py
xiv. UnitTest_ TNMPyAide.py
i. __init__.py (Blank file which allows importing of entire library into client code)
call. TNMAide.py
create_TNMAide_Input_CSV.py
dot.ico (splash screen background image)
dot.png (program start bar icon)
Load_shapes.py (utility that allows the DANA tool to load multiple shapefiles into the
library and concatenate them into a single shapefile for processing)
NTD_00_TMAS.py
NTD_01_NPMRDS.py
NTD_02_MOVES.py
NTD_03_SPEED.py
s. NTD_06_selection_GUl.py
4. TMAS_Intermediate_Output (folder created after running optional Process 0, not immediately
included in folder structure)
a. TMAS class_clean.csv

2 3

~avo

Output from
b. TMAS_station_State.csv previous processes

5. User Input Files
a. Middlesex_MA

i. HPMS Data Externally
1. MA_HPMS_2018.csv Sourced
ii. NPMRDS Data
1. MA_MIDDLESEX_2018 ALL.csv Externally
2. MA_MIDDLESEX_2018 PASSENGER.csv Sourced

3. MA_MIDDLESEX 2018 TRUCKS.csv

4. TMC_ldentification.csv
DANATool.exe (main executable for running DANA)
unins000.dat (database for uninstalling the DANA tool)
unins000.exe (executable for uninstalling the DANA tool)
unins001.dat (database for uninstalling the TMAS tool)
10. unins001.exe (executable for uninstalling the TMAS tool)

© o N

1.6.3 Process 1: Process Raw NPMRDS and Emission Rate Data
The following inputs are required:

e Radio button selection regarding the date range of the output data with the following options:
o Default first radio button stating “Auto-detect date range...”, which indicates that the
output data should reflect the entire temporal extent of the NPMRDS input data
o Second radio button stating “Or, select a date range...”, which indicates that the output
data should reflect a subset of the temporal extent of the NPMRDS input data
= Requires selection of a valid date range using the start and end date calendar
selectors, as illustrated in Figure 11. For example, if the NPMRDS input data
encompasses all of 2018, a valid date range would include any portion of that
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year. Selecting a date range that extends beyond 2018 will prompt the following
error message in the Progress Log: “ValueError: Date range is outside minimum
or maximum of raw NPMRDS input data.”
= Note that this radio button should not be selected if processes 2-3 or TNMAide
will be run with this Process 1 output file because the processed NPMRDS file
used as input to processes 2-3 and TNMAide dictates the date range of outputs
for those processes. The Process 2 and 3 outputs containing less than a full year
of data are not currently compatible with MOVES and TNMAide requires a full
year of data input from DANA Process 1 output.
Single year selection of pre-processed TMAS Station data? provided with the DANA Tool?*
(TMAS_Station_XXXX.csv, where XXXX represents the year)
Single year selection of pre-processed TMAS Classification data provided with the DANA tool
(TMAS_Class_Clean_XXXX.csv, where XXXX represents the year)
NPMRDS speed data® (passenger vehicles, trucks, and all) — each of these three separate files
are obtained from the RITIS website® download package and an example download package
can be found in the following directory: User Input Files\Middlesex_MA\NPMRDS Data\
National default roadway operating speeds — a default file provided with the DANA tool
containing default speed limits for urban and rural functional classes (used for NPMRDS data
gap-filling)
NPMRDS TMC configuration — also obtained from the RITIS website download package?’
(TMC_Identification.csv) — an example file as part of the RITIS download package can be found in
the following directory: User Input Files\Middlesex_MA\NPMRDS Data\
NEI emission rates — pre-processed 2017 emission rates based on EPA’s National Emissions
Inventory (NEI) are provided as a default file with the DANA tool
(NEI2017_RepresentativeEmissionsRates.parquet)?®
Federal Information Processing Standard (FIPS) state and county codes — a default file provided
with the DANA tool, current as of 2019 (FIPS_County_Codes.csv)
National Emissions Inventory representative county codes — a default file provided with the
DANA tool that identifies the NEI representative county associated with each county in the U.S,
based on the 2017 NEI regions (NEI2017_RepresentativeCounties.csv)

23 Note that TMAS data for all years have been updated with DANA version 2.1 to reflect Process 0 improvements.
If you have previously conducted analyses using TMAS data from DANA version 1.0, the results may be different,
even when using the same version of the DANA Tool itself.

24 Or processed user defined TMAS data, which should be automatically detected by the main GUI after running
Process 0. However, if the file is located outside of the default folder, it will not automatically be detected. In this
case, the user can navigate to select the file from the alternate location. This remains true for both the processed
TMAS Station and Class data outputs from Process 0.

25 Note that only TMAS and NPMRDS data for 2021 are available, so 2021 DANA analyses are limited to Process 1
and TNMAide until 2021 HPMS, County Road Mileage, and Statewide Functional Class VMT are available.

26 https://npmrds.ritis.org/analytics/

27 Note that the DANA tool will attempt to handle non-standard data in the TMC_Identification.csv file; however, if
problems occur during processing, this is a good first place to look.

28 See Section 1.6.3.3 for information on user-supplied emission rates. See Appendix D for more information on
default emission rates included.
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1.6.3.1 Downloading NPMRDS Data
NPMRDS data may be obtained by state and local agencies and their contractors from the Regional
Integrated Transportation Information System (RITIS) website. After creating a free user account,? click
either of the highlighted areas in Figure 19 to access the Massive Data Downloader.
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Figure 19. Screenshot. NPMRDS RITIS home screen with Massive Data Downloader links highlighted

Select the appropriate NPMRDS INRIX year® using the “TMC Segments from” dropdown menu. Also
select the county of interest using the “Region” tab (exemplified for Middlesex County, Massachusetts in
Figure 20), then click the green “Add region” button.

1. Select roads
TMC segments from NPMRDS INRIX 2018
Expand NPMRDS to the Full TMC Network &
Road Region Segment ¢ : Map Saved
Regions Middlesex, Massachuselts
Directions

Zip Codes

Road Classes -
+Add region

Figure 20. Screenshot. Massive Data Downloader region selection example

2 please follow the steps from the quick start guide at

https://npmrds.ritis.org/static/help/docs/NPMRDSquickstart.pdf or email npmrds@ritis.org for assistance in
getting access to the NPMRDS data.

30 Note that the DANA Tool contains the NPMRDS 2021 shapefile as a band-end input.
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Select a date range using the start and end date calendar selectors, as shown in Figure 21 for the full
2018 calendar year. If Processes 2-4 are to be run, users should select a full year of data, as the Process
2 and 3 outputs containing less than a full year of data are not currently compatible with MOVES and
TNMAide requires a full year of traffic inputs in order to determine the worst hour. Note that NPMRDS
data prior to 2017 are available, but the TMC configuration file in the download package for these data
contains no HPMS conflated data. Thus, NPMRDS data prior to 2017 are not digestible by DANA and
should not be used.

2. Select one or more date ranges

01012018 IR 12312018 [T

+ Add another date range

Figure 21. Screenshot. Massive Data Downloader date range selection example

Check to ensure the defaults displayed in Figure 22 are maintained to generate data for every day of the
week from midnight to 11:59 PM.

3. Select days of week

S S 4

v Vv v v v W W/
Sun Mon Tue Wed Thu Fni Sat

4. Select one or more times of day @

+ Add another time of day

Figure 22. Screenshot. Massive Data Downloader day and time defaults

”  u,

Select all three vehicle type groups (“passenger vehicles”, “trucks”, and “trucks and passenger vehicles”)
as shown in Figure 23.
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5. Select data sources and measures %

NMPMREDS from INREX (Passenger vehicles) &#
Speed

Historic average speed

Reference speed

Travel ime
Data Density i

NPMRDS from INREX (Trucks and passenger vehicles) &#
Speed

< < J< Q< Q<]

Ly kS

Historic average speed
Reference speed
Travel ime

Data Density 7

NPMRDS from INREX {Trucks) &
Speed

<

< < J< J< Q<]

Historic average speed
Reference speed
Travel time

Data Density 0

< < li< Q< J<]

Figure 23. Screenshot. Massive Data Downloader complete vehicle type data source selection

Check to ensure the defaults displayed in Figure 24 are maintained to generate data in units of seconds
and to exclude records with null values.

6. Select units for travel time
Q Seconds
@ Minutes

7. Null record handling
B Include records with null values

Figure 24. Screenshot. Massive Data Downloader time units and null record handling defaults

Select 1 hour averaging,®' enter a descriptive title for your download package, and keep the notification
box checked before clicking “SUBMIT”, as shown in Figure 25.

31 NPMRDS temporal resolution of one hour provides sufficient granularity to produce valid output data, while
reducing file size and processing time.
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8. Select averaging
@ Don't Average
@ 10 minutes
@ 15 minutes
O 1hour

9. Provide title @

MA_Middlesex_201§|

10. Notification

Send me an email when this export is ready to download

Figure 25. Screenshot. Massive Data Downloader #8-10 inputs

Within a few minutes, you will receive an email from npmrds-analytics-downloader@ritis.org with a link
to retrieve your selected data files. Using these downloaded NPMRDS data as inputs, complete
execution of the Process 1 script will result in the following output files in the Final_Output\

Processl LinkLevelDataset directory:

e Composite dataset with TMAS and emission rates information wherein the percent vehicle type
fractions sum to one across 24 hours of the day and the five vehicle types (PCT_TYPE10-60 and
PCT_NOISE_AUTO, etc.). (XX_Composite_Emissions.parquet, where XX represents the state
abbreviation)

e The first and last 1000 rows of the parquet link-level dataset
(XX_Composite_Emissions_SAMPLE.csv, where XX represents the state abbreviation)

e Aggregation of average speed, AADT, and estimated emissions per roadway mile, and Worst
Hour and Average Day noise levels at the 50-foot reference distance from the nearest lane for
each link in the NPMRDS dataset over the specified time period, as well as the geography of
each relevant roadway link in text format for GIS visualization
(XX_Composite_Emissions. SUMMARY.csv, where XX represents the state abbreviation)

Process 1 is conducted on smaller portions of the large merged TMAS and NPMRDS dataset called
“chunks” in order to reduce the processing memory requirement. As such, execution of the Process 1
script will also result in the following output files in the Final_Output\
Processl_LinkLevelDataset\OUTPUT-chunkX directory, where X represents the sequential count of
folders starting from 0:

e Hierarchy of results from the TMAS and NPMRDS data merge:3?
o Exact roadway match (tierl_class.csv)
o Annual average of exact roadway match (tierl_annualaverage_class.csv)
o Monthly average daily traffic by day type per station and modified VMT, augmented by
the MAADT (tierl_volume.csv)

32 See Figure 18 for more details.
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State, county, and route match (tier2_class.csv)
Annual average of state, county, and route match (tier2_annualaverage_class.csv)

o Monthly average daily traffic by day type per station and modified VMT, augmented by
the MAADT (tier2_volume.csv)

o State, urban/rural, and roadway functional class match (tier3_class.csv)

o Annual average of state, urban/rural, and roadway functional class match
(tier3_annualaverage_class.csv)

o Monthly average daily traffic by day type per station and modified VMT, augmented by
the MAADT (tier3_volume.csv)

o National, urban/rural, and roadway functional class match (tier4_class.csv)

o Monthly average daily traffic by day type per station and modified VMT, augmented by
the MAADT (tier4_volume.csv)

e National average speed by urban/rural classification, roadway functional type, day of week, and
hour of day (npmrds_average_speed_values.csv)

e Composite dataset with TMAS and emission rates information wherein the percent vehicle type
fractions sum to one across 24 hours of the day and the five vehicle types (PCT_TYPE10-60 and
PCT_NOISE_AUTO, etc.). (XX_Composite_Emissions.parquet, where XX represents the state
abbreviation)

e The first and last 1000 rows of the parquet link-level dataset
(XX_Composite_Emissions_SAMPLE.csv, where XX represents the state abbreviation)

e Aggregation of average speed, AADT, and estimated emissions per roadway mile, and Worst
Hour and Average Day noise levels at the 50-foot reference distance from the nearest lane for
each link in the NPMRDS dataset over the specified time period, as well as the geography of
each relevant roadway link in text format for GIS visualization
(XX_Composite_Emissions_SUMMARY.csv, where XX represents the state abbreviation)

1.6.3.2 Viewing Parquet Files
Parquet files are not human readable, but there are several tools available to export the compressed
data into a usable format. A free, open-source Parquet Viewer executable3? can be downloaded,3*
although it may have trouble viewing larger files. Alternatively, the pyarrow library3 will support Python
scripts to access the data within the parquet file. The parquet.R3 library serves the same purpose for R
scripts.

1.6.3.3 User-Supplied Emissions Rate Data
The user may choose to provide their own emissions rate data, which can be substituted for the default
NEI2017_RepresentativeEmissionsRates.parquet input file, provided the substitute file matches the
expected data structure of the default. This would also require that the county is either pre-existing in or
added to the NEI2017_RepresentativeCounties.csv file. See the Section 4.1 for complete formatting
details of both input files.

33 Executable located at https://github.com/mukunku/ParquetViewer/

34 User documentation located at https://github.com/mukunku/ParquetViewer/wiki
35 https://arrow.apache.org/docs/python/parguet.html

36 https://github.com/apache/arrow/blob/master/r/R/parquet.R
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1.6.4 Process 2: Produce MOVES Inputs
Several sources of HPMS-based data are combined with TMAS data to produce VMT-based MOVES
county-level inputs. Note that MOVES includes two roadway categories each with two classes:
rural/urban and restricted/unrestricted (i.e., highways that can only be accessed by an on-ramp vs. all
other roadways (arterials, connectors, and local streets)). VMT distributions output by the DANA Tool
for one or more of these four road types may be zero if the road type does not exist in the input. For
example, Washington, D.C. has no area classified as “rural”, so VMT distributions for both restricted and
unrestricted rural road types in the DANA Tool output are zero. If VMT for any of these road types are
zero in the DANA Tool output, the MOVES RunSpec must be updated to reflect the limited expected
road types.

The following inputs are required:

¢ Cleaned composite dataset with emission rates from Process 1
(XX_Composite_Emissions.parquet, where XX represents the state abbreviation)

o Note that this file should have been created using the Process 1 default auto-detected
date range based on a full year of NPMRDS Process 1 input data. This input file dictates
the date range of the output file and the Process 2 outputs containing less than a full
year of data are not currently compatible with MOVES.

e HPMS - the HPMS public release of geospatial data available from FHWA3” and an example file
can be found in the following directory: User Input Files\Middlesex_MA\HPMS Data\

¢ Single year selection of state annual VMT by roadway classification — 2015-2020 files provided
with the DANA tool (State_VMT_by_Class_XXXX.csv, where XXXX represents the year)3®

¢ Single year selection of national county mileage summary files — 2015-2020 files included with
the DANA tool (County _Road_Mileage_ XXXX.csv, where XXXX represents the year)

Using HPMS and formatted VM-2 data as inputs, complete execution of the Process 2 script will result in
the following output files in the Final_Output\Process2_ MOVES_VMT _Distributions directory:3°

e State-level monthly VMT fractions (XX_MONTH_VMT.csv, where XX represents the state
abbreviation)

e State-level daily VMT fractions (XX_DAY_VMT.csv, where XX represents the state abbreviation)

e State-level hourly VMT fractions (XX_HOUR_VMT.csv, where XX represents the state
abbreviation)

e State-level VMT fractions by region (XX_REGIONAL_VMT.csv, where XX represents the state
abbreviation)

e State-level VMT fractions by MOVES road type (XX_ROADTYPE_VMT.csv, where XX represents
the state abbreviation)

37 HPMS data for 2017 and prior: https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles 2017.cfm
HPMS data for 2018 and beyond: https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles.cfm.

38 Non-formatted VM-2 tables for other years available for download at
https://www.fhwa.dot.gov/policyinformation/statistics.cfm. See Section 1.6.4.4 for more information.

39 State-level files cannot be used as input to MOVES; rather, county-level files in the subfolders can be used as
input to MOVES.
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Complete execution of the Process 2 script will also result in one output file for every county containing
the NPMRDS TMC links. If only interested in a single county, users can safely ignore outputs from other
counties. All county-level files will be located in the Final_Output\Process2_MOVES_VMT _Distributions
directory and the appropriate sub-directory noted below:

¢ County-level monthly VMT fractions (XX_MONTH_VMT_YY.0.csv in the\XX_MONTH_VMT sub-
directory, where XX represents the state abbreviation and YY.0 represents the county code)

e County-level daily VMT fractions (XX_DAY_VMT _YY.0.csv in the \XX_DAY_VMT sub-directory,
where XX represents the state abbreviation and YY.0 represents the county code)

e County-level hourly VMT fractions (XX_HOUR_VMT_YY.0.csv in the \XX_HOUR_VMT sub-
directory, where XX represents the state abbreviation and YY.0 represents the county code)

e County-level VMT fractions by region (XX_REGIONAL_VMT_YY.0.csv in the \XX_REGIONAL_VMT
sub-directory, where XX represents the state abbreviation and YY.0 represents the county code)

e County-level VMT fractions by MOVES road type (XX_ROADTYPE_VMT_YY.0.csv in the
\XX_ROADTYPE_VMT sub-directory, where XX represents the state abbreviation and YY.0
represents the county code)

1.6.4.1 Downloading 2017 and Prior HPMS Data
HPMS data for years 2017 and prior can be obtained from the FHWA Office of Highway Policy
Information website,** by selecting the year of interest and clicking “Download”, as shown in Figure 26.

Download HPMS Shapefiles

Year:| 2016 w

State: | Massachusetts (124 MB)  + |

| Download |

Figure 26. Screenshot. 2011-2017 HPMS download example from FHWA

Extract the .shp file within the downloaded .zip file. To load this file into the DANA Tool, change the file
type to .shp in the file explorer, as shown in Figure 27.

40 https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles 2017.cfm
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3 FHWA DANA Tool - v2.0
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Figure 27. Screenshot. File explorer selection of .shp HPMS input file
HPMS data for years 2018 and beyond must be downloaded using GIS software.

1.6.4.2 Downloading 2018 and Beyond HPMS Data via ArcGlIS
Select the geodatabase server on the FHWA Office of Highway Policy Information website*! by scrolling
down to the “Data Access” section and copying the link for the state of interest as shown in Figure 28.

Data Access
State Link
Alabama https://geo dot.goviserverirest/services/Hosted/Alabama_2018_PR/FeatureServer
Alaska https:{/geo_dot goviserverfrest/services/Hosted/Alaska 2018 PR/FeatureServer
Arizona https://gec.dot.goviserverirest/services/Hosted/Arizona_2018_PR/FeatureServer
Arkansas

Figure 28. Screenshot. AR 2018 HPMS geodatabase server link from FHWA website

In ArcGIS, click “Catalog”, “GIS Servers”, “Add ArcGlIS Server”, and “Use GIS Services”. Paste the copied
server link from FHWA into the “Server URL” field, as illustrated in Figure 29. These data are public, so
Authentication is not necessary. Click “OK”.

41 https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles.cfm
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ArcGlS Server User Connection Properties >

General
Server LIRL:
ArcGIS Server: http:/fgisserver .domain, com; 6080 farcgis
Authentication (Optional)
LIser Mame: | |
Password: | |

[[]save Username fPassword

About ArcGIS Server connections

Cancel Aoy

Figure 29. Screenshot. ArcGlIS Server User Connection Properties window with pasted link

Click “server on geo.dot.gov (user)” to expand the tree. Click “Hosted” to see the list of files, an excerpt
from which is exemplified in Figure 30.
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Figure 30. Screenshot. Expanded ArcGIS Server Tree

Drag and drop the shapefile into ArcGIS, as shown in Figure 31. Use the Data Export tool to obtain the
shapefile as a .csv file. See Section 4.2 for proper column headers.
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.
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Figure 31. Screenshot. ArcGIS HPMS shapefile display example
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1.6.4.3 Downloading 2018 and Beyond HPMS Data via QGIS
In QGIS, right click “ArcGISFeatureServer” from the Browser (shown in Figure 32) and click “New
Connection...”.

G} Untitled Project - QGIS
Project Edit Mwew Layer Settings Pluging  Vector Easter [

NEBEBRRY e 2N
R@V. A w @

Browser 1) [

LeEyrY®Teo

] G\
& GeoPackage
£ Spatialite
W rostais

v B ssoL

¢ @ Oracle

' DB2
WS WIMTS

v B Y7 Tiles
& wCs

" ."1..!' WFS-

bOED OWS

& ArcGizMapServes
| st GeoNode

Figure 32. Screenshot. QGIS Browser with ArcGISFeatureServer highlighted

Enter a descriptive server name in the “Name” field, as demonstrated in Figure 33. Enter the following
DOT hosted services link in the URL field: https://geo.dot.gov/server/rest/services/Hosted. These data
are public, so Authentication is not necessary. Click “OK”.
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G,,'i Create a Mew ArcGlS Feature Server Connection ]
Connection Details
Mame |LUSDOT

URL  |nttps:/fgeo.dot.gov server frest/services Hosted|
Authentication

Configurations | Basic
Choose or areate an authentication configuraton
Mo authenticaion ™ &fr

Configurations store encrypted credentials in the QGIS authentication
database,

[ o Cancel Help

Figure 33. Screenshot. QGIS Server Connection window with completed Name and URL fields

Click on your chosen name for this connection. Figure 34 displays “USDOT” as per the example in Figure
33.
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Figure 34. Screenshot. QGIS Browser with newly added server expanded

Files entitled “StateName_2018 PR” (Newlersey 2018 PR, for example) contain the publicly released
full extent HPMS where it was required from the state DOTs. Double click on the file of choice and again
on the layer beneath. The FeatureClass will be displayed in the Viewer, as demonstrated in Figure 35.
This may take several minutes, depending on performance factors.
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Figure 35. Screenshot. QGIS HPMS shapefile display example

Export this layer as a .csv file, circled in the Save Vector Layer as window in Figure 36. See Section 4.2 for
proper column headers.
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Figure 36. Screenshot. QGIS export options
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1.6.4.4 Downloading and Formatting VM-2 Data
VM-2 data for years 2015-2020 are provided with the DANA tool. If other years are desired, such data
can be obtained from the FHWA Office of Highway Policy Information website at the following link:
https://www.fhwa.dot.gov/policyinformation/statistics.cfm. Use the dropdown menu to choose the
year of interest, then click “Go”, as shown in Figure 37.

Highway Statistics Series Publications

[Highway Statistics 2016 v|| Go |

Figure 37. Screenshot. FHWA Highway Statistics Year selection

Scroll down to the “5. Highway Travel” section and click the Excel link shown in Figure 38 to download
the VM-2 data as an .xs file.

5. Highway Travel

5.1, Onrvignw

5.2, Multi-year trends & charls
5.2.1 Viehicle-miles of travel, by functional system, 1980-2016 VM-202 Escel POF
§.2.2 Viehicle-miles of travel, by Federal-akd highways, 1957-2016 V-203

53, National tabdes
5.3.1. Vehicle miles of traved and related data, by highway category and wahiche tpe VM1  Extel PDF

5.4, State tables
5.4.1, Vehicle-miles of travel by functional system w.z@ FOE
5.4.2, Vehicle-milas of travel by Federal-aid highways V-3 Excel PDF
5.4.3, Distribution of Annual Vehicle Distance Traveled Vii-4
544 Vehicle miles of travel by funciional sysiem HM-44 Escel FDF
54.5 Length by average dady traffic volume Faderal-aid highways HM-37 Eucel PDF
546, Langth by average daiy traffic volume, Arterials and Collectors HM.5T

Figure 38. Screenshot. 2016 FHWA Highway Travel Statistics page with the VM-2 Excel download option highlighted

Open the downloaded file in a spreadsheet editor. Excerpts of a raw file from the FHWA website are
annotated in Figure 39. Remove the header and footer lines (highlighted in red) and replace all “-“
(highlighted in blue) with “0”. Ensure that all zero replacements are of a data type indicating numeric
values, rather than character strings. Save the formatted file as a .csv for input to the DANA tool. An
excerpt of the resulting file is displayed in Figure 40.
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Figure 39. Screenshot. Raw VM-2 spreadsheet excerpts
A e | c|op| e[ fFle[nw] 1]yl k| L]mM|[N]Jol]P]|] a]| R |
1 |Alabama 6556 0 5615/ 4514 4377 1386 6341 28788 9275 5b0| 9747 7275 4235 65/11225 42379 T1167
2 |Alaska 827 0 308 117 318 173 527 2277 753 0] 931 525 247 116| 635 3211 5487
3 [Arizona 6751 82 3629 1495 2473 508 140516343 7888 8539 807014980 3659 142 6523 49802 66145
4 |Arkansas 4265 327 3727 2878 3623 694 227317787 5521 0885 3739 4576 1898 76 2004 18888 36675
5 [California 16224 5043 10638/ 8133 9690 1769 703558432 7578662937 54211 48803 24646 808 23173 290364 348796
6 [Colorado 4846 274 4415 2099 1876 795 159015894 9812 5665/ 9495 6417 2817 47 3805 38059 53954
7 |Connecticut 487 304 435 409 820/ 147 553 3159 9902 4210 3796 5162 2609 244 2513 28437 31596
8 |Delaware 0 321 720 261 574 170 424 2470 1490 723 2353 1167 871 63 1033 Tv710 10179
9 |District of Columbia 0 0 0 0 0 0 0 0 502 376 1065 T03 280 O 74 3691 3691
10 |Florida 10981 2244 8574 3924 3858 1541 5620 36742 30592 15535 45557 29795 20355 #H 30488 185074 221816
11 |Georgia 7734 0 6884 6531 6743 1240 3717 32849 24292 3465 17682 20451 8072 552 24093 98607 131456

Figure 40. Screenshot. Formatted VM-2 spreadsheet excerpt

1.6.5 Process 3: Produce Speed Distributions
The composite dataset output from Process 1 is further processed to produce the MOVES county-level
speed distribution input. Since NPMRDS data only include roadways on the national highway system
(NHS), users should carefully examine resulting speed distributions for unrestricted roadway types
(MOVES road types 3 and 5) before deciding whether to use them for MOVES inputs. See Section 7 for
more information.

The following input is required:

Cleaned composite dataset with emission rates from Process 1
(XX_Composite_Emissions.parquet, where XX represents the state abbreviation)
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o Note that this file should have been created using the Process 1 default auto-detected
date range based on a full year of NPMRDS Process 1 input data. This input file dictates
the date range of the output file and the Process 3 outputs containing less than a full
year of data are not currently compatible with MOVES.

Complete execution of the Process 3 script will result in the following output file in the
Final_Output\Process3_MOVES_Speed_Distributions directory:

e Speed distribution by county, source type, road type, hour day and average speed bin
(XX_SPEED_DISTRIBUTION.csv, where XX represents the state abbreviation). This state-level file
cannot be used as input to MOVES.

Complete execution of the Process 3 script will also result in the following output file in the
Final_Output\Process3_MOVES_Speed_Distributions\ XX_SPEED_DISTRIBUTION directory (where XX
represents the state abbreviation):

e Speed distribution for a single county by source type, road type, hour day and average speed bin
(XX_SPEED_DISTRIBUTION_YY.csv, where XX represents the state abbreviation and YY
represents the county code). This county-level file can be used as input to MOVES.

1.6.6 TNMAide
The appropriate TMCs are selected out of the composite dataset from Process 1 for use in creation of
the Worst Hour Noise Dataset. Users should provide the IDs for two TMCs of interest as well as the
number of lanes and roadway grade for each TMC. The tool will conduct basic checks for invalid
characters and will not populate the dataset if the specified format is not followed. TMCs should
represent opposite directions along the same roadway section.

If the user needs to identify TMCs for input into the TNMAide calculator, click the “TMC Selection Tool”
button (shown in Figure 41) to open the TMC selection GUI tab (Figure 42). This tab lets the user choose
a TMC configuration file (from the NPMRDS RITIS download package) and dynamically extracts and
displays the lists of county, road and direction in the dropdown boxes for selection. The dropdown box
selections can be reset with the “Clear Filters” button. The user can also select TMCs by providing a
Google Earth polygon file (.kml). See Section 1.6.6.1 for more details.

Q FHWA DANA Tool - w21

Welcome to FHWA's DANA Tool

Data Processing Progress Log TMC Selection TNMAide Data Visualization
TNMAide - Estimate characteristic noise metrics near the roadway.

Select Processed NPMRDS

Median Width (ft):

Enter TMC Information

T™C1 TMC 2:
Enter TMC |Ds:
Mumber of Lanes in Each Direction: |0 0
Roadway Grade: 0.0 0.0 in direction of near lanes, include - or +

Figure 41. Screenshot. GUI TNMAide inputs section including TMC Selection Tool button
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3 FHWA DANA Tool - v2.1

Welcome to FHWA's DANA Tool

Data Processing Progress Log TMC Selection TNMAide Data Visualization

To select specific data from the Matienal Traffic Dataset, please select the desired features

Select TMC Config Fie

Select KML File

Select with County: | vl
Select a Specific Road: | vl
Select a Specific Direction: | v|

Map Selected TMCs | Select TMC IDs | | Save Selected TMCs| | Clear Selected TMCs | | Clear Filters

Figure 42. Screenshot. GUI TMC Selection Tab

Once all inputs are specified, click the “Select TMC IDs” button to print the IDs in the text box at the
bottom of the tab. This text box can be reset with the “Clear Selected TMCs” button. The TMCs can be
directly copied and pasted from this text box to the input boxes in the TNMAide tab. To save the
selected TMCs to a file, the user can click the “Save Selected TMCs” button. A window will appear
displaying a message indicating completion of the output file creation, exemplified in Figure 43. The
output of this tool is a text file TMCs_X_Y_Z.txt, where X represents the county, Y represents the road

name, and Z represents the direction selected by the user. This file is created in the TMC_Selection
subfolder of the Final Output folder.

7

TMC Selection Completed

TMC Selection Results saved to H:/DANATool/Middlesex_MA/2018/TMC_Selection/TMCs_MIDDLESEX_|-93_MB.bxt

Figure 43. Screenshot. TMC Selection Completion Message

The "Map Selected TMCs” button shown in Figure 42 can be used to visualize the selection of a roadway
links to analyze in TNMAide. A map of all roadway links will be generated based on the dropdown menu
selections. Click both directions of the same roadway segment on the map. A tooltip will be displayed,
which provides the segment code specific to the direction selected, as shown in Figure 44.
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Figure 44. Screenshot. “Map Selected TMCs” window displaying map for one direction of travel with one TMC highlighted

This code should be input to the TNMAide tab. Note that an internet connection is required to view the
basemap below the roadway links. Also note that the map viewer will lag when overwhelmed with many
TMC links. As such, filtering the list using the dropdown menus prior to mapping the selected TMCs is

advised for improved map viewer performance.

The following inputs are required to compute the Worst Hour noise metrics at the reference location

and Average Day Worst Hour traffic conditions in TNMAide:

e Cleaned Composite dataset with emission rates from Process 1%
(XX_Composite_Emissions.parquet, where XX represents the state abbreviation)

Note that this file should have been created using the Process 1 default auto-detected

date range based on a full year of NPMRDS Process 1 input data. This input file dictates

the date range of the output file and TNMAide requires a full year of data input from

DANA Process 1 output.
e Median width

O

42 Note that only TMAS and NPMRDS data for 2021 are available, so 2021 DANA analyses are limited to Process 1
and TNMAide until 2021 HPMS, County Road Mileage, and Statewide Functional Class VMT are available.
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e TMC IDs (either manually input or copied from the TMC Selection tool output)
¢ Number of lanes for each TMC direction
e Roadway grade for each TMC direction, including the positive or negative symbol

Once all inputs are entered into the fields at the top of the TNMAide tab (Figure 41), click the “Calculate
TNMAide Outputs” button shown in Figure 45 to generate the Worst Hour noise metrics and Average
Day Worst Hour traffic conditions. Much like when a process is running, all “Run Process X" buttons will
be disabled and a “TNMAide Calculating” status message will appear to the right of the “Cancel
TNMAide Calculation” button. The calculation can be interrupted with the “Cancel TNMAide
Calculation” button. Successful computation will populate all cells in the Calculate TNMAide Outputs
section.

Calculate TNMAide Outputs Cancel TNMAide Calculation

Worst Hour Noise Metrics at Reference Location:

ne I
Worst Hour: l:l
Traffic Information
Current AADT: l:l
Average Day Worst Hour Traffic Conditions:
Auto Medium Trucks Heavy Trucks Buses Motor Cycles
Average Day Worst Hour Volume:
Average Day Worst Hour Average Speed:
Yearly Vehicle Mix (%):
Auto Medium Trucks Heawvy Trucks Buses Meator Cycles
Percent Vehicles in the Current Year: |
LDN Time Period Distribution
Auto Medium Trucks Heavy Trucks Buses Motor Cycles

Percent Vehicles in the Current Year, DAYTIME:
Percent Vehicles in the Current Year, MIGHTTIME:

LDEN Time Period Distribution

Auto Medium Trucks Heavy Trucks Buses Motor Cycles

Percent Vehicles in the Current Year, DAYTIME:
Percent Vehicles in the Current Year, EVEMING:
Percent Vehicles in the Current Year, MIGHTTIME:

Figure 45: Screenshot. Top of GUI TNMAide tab

The bottom section of the TNMAide tab can be used to estimate noise levels for future years of the
selected TMCs. Text boxes are present to input the future year AADT, the LDN Time Period Distribution,
and the LDEN Time Period Distribution, as shown in Figure 46. The distributions are formatted as tables
where the columns correspond to vehicle type and the rows correspond to time of day. Below each
table is a Total Percent text box which displays the sum of percentages in the table. This box should
display a value within 0.1% of 100% to indicate properly formatted inputs. There are two buttons,
“Calculate with LDN Distributions” and “Calculate with LDEN Distributions”, which can be selected to
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calculate the respective estimated worst hour noise metric and populate the corresponding text boxes
shown in the bottom of Figure 46.

Estimate noise levels with future AADT breakdown
Fill from current year

Future Year AADT:

|

LDN Time Peried Distribution

Auto Medium Trucks Heavy Trucks Buses Moter Cycles
Percent Vehicles in the Future YEAR, DAYTIME:
Percent Vehicles in the Future YEAR, NIGHTTIME:
Total Percent: 0.0 %
LDEN Time Period Distribution
Auto Medium Trucks Heavy Trucks Buses Maotor Cycles

Percent Vehicles in the Future YEAR, DAYTIME:

Percent Vehicles in the Future YEAR, EVENING:

Percent Vehicles in the Future YEAR, MIGHTTIME:

=)
=
i

Total Percent:

Calculate with LDN Distributions Calculate with LDEN Distributions

Worst Hour Noise Metrics at Reference Location:
Future Fleet Distribution Based On:
LAeq:

Ldn:

Il

Lden:

Figure 46: Screenshot. Bottom of GUI TNMAide tab

1.6.6.1 Creating a KML File for TMC Selection
Navigate to Google Maps, making sure you are logged into a Google account. Click the “Saved” button
on the left side menu ribbon to open a new window. Click the “Maps” button on the top right of the
new window and then the “CREATE MAP” button on the bottom of the window, shown in Figure 47.

= Search Google Maps Q )4

. Lists Labeled Visited Maps

Saved
Create and manage maps in My Maps

[4 ©Open My Maps

CREATE MAP

Figure 47. Screenshot. Google Maps Saved window
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This will open a new browser tab called “Untitled map — Google My Maps”. In the new window, locate
the area of interest on the map. Use the mouse scroll wheel to zoom. Click and drag the mouse to pan
the map view. When satisfied, click the “Draw a line” button below the search bar. This will open a
dropdown menu from which “Add line or shape” should be selected, as shown in Figure 48.

Untitled map
Last edit was seconds ago e OQI ol Rl

* Add layer 2+ Share G) Preview v Add line or shape

M Add driving route

¥ Untitled layer
P import

do Add biking route

K add walking route

Add places to this layer by drawing or
importing data. Learn more

Base map

Figure 48. Screenshot. Google My Maps

Click on the map as many times as desired to draw a polygon around the area of interest on the map.
Once the polygon is closed, the vertices can be adjusted by clicking and dragging the mouse on the map.
An example completed polygon is shown in Figure 49. Note that the map and polygon layer have been
renamed to describe the area of interest.
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Figure 49. Screenshot. Google Maps polygon example

When satisfied, click the three vertical dots next to the polygon layer name in the map menu. This will
open a dropdown menu from which “Export data” and “KML/KMZ” should be selected, as shown in
Figure 50.
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Export data - KML/KMZ
Petersburg csv

Figure 50. Screenshot. Google Maps export polygon data

A dialog will open prompting to download the KML file. Check the second box as shown in Figure 51 and
click the “Download” button.

Export to KML/KMZ

Keep data up to date with network link KML {only usable online). Learn more
[+] Export as KML instead of KMZ. Does not support all icons.

Figure 51. Screenshot. Google Maps Export to KML/KMZ dialog

Once downloaded, this file can be opened in the TMC Selection tab of DANA using the “Select KML File”
button, shown in Figure 42. Then clicking the “Select TMC IDs” button will filter the TMC list to just those
from the TMC configuration file contained within the KML polygon.

1.6.6.2 Data Visualization Tab
Once TNMAide results have been computed, statistics can be viewed in the Data Visualization tab,
shown in Figure 52.
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Q FHWA DAMNA Tool - v2.1

Welcome to FHWA's DANA Tool

Data Processing Progress Log TMC Selection TNMAide i Data Visualization:

What would you like to plot? | V|

Create Plot

Figure 52. Screenshot. Data Visualization tab

The visualization options in the dropdown menu are as follows:

e Average Day hourly sound pressure level, including the total as well as a breakdown by link and
vehicle type

e Average Day hourly speed on each link, including all vehicles, just autos, and just heavy trucks

e Hourly speed histograms on each link, including all vehicles, just autos, and just heavy trucks

e Histogram of hourly total sound pressure level

Choose the desired visualization from the dropdown menu, then click the “Create Plot” button. If
multiple plots are created, scroll down using the mouse wheel or scrollbar on the right side of the GUI to
view the whole plot series. Plots can be manipulated using the toolbar under each figure. An example of
a zoomed view to focus on the Bus Hourly LAcq from 8am to 4 pm is shown in the top plot of Figure 53.
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Figure 53. Screenshot. Data Visualization tab




2. Appendix A. Process O: Process Raw TMAS Data (optional)

Pre-processed TMAS data for the entire country from 2015-2021 are included in the DANA tool for input

to Process 1, in which case Process 0 is not required. If processing user-defined geographically specific or
newly updated TMAS data is desired, the following inputs are required:

e TMAS Station Data in Traffic Monitoring Guide® format
e TMAS Classification Data in Traffic Monitoring Guide format

e Federal Information Processing Standard (FIPS) state and county codes — a default file provided
with the DANA tool, current as of 2019 (FIPS_County_Codes.csv)

National Emissions Inventory representative county codes — a default file provided with the

DANA tool that identifies the NEI representative county associated with each county in the U.S,
based on the 2017 NEI regions (NEI2017_RepresentativeCounties.csv)

Complete execution of the Process 0 script will result in the following output files in the
TMAS_Intermediate_Output folder:

e Processed TMAS Station dataset (TMAS_station_State.csv)
¢ Processed TMAS Classification dataset (tmas_class_clean.csv)

The data flow when executing Process 0 is as follows:

Process 2: MOVES
: i P 1: NPMRD .
Process 0: TMAS (optional) /rofceiféce%ed S (Create MOVES Traffic Input)
TMAS Station [ (| COCEsel [ e
e NPMRDS
-~ Processed
it :> .. TMAS Class HPMS
FIPS—— NPMRDS (All) :
National Emissions NPMRDS
S == (Passenger)
NPMRDS
(Truck)
T™C Process 3: SPEED
Configuration (Produce MOVES Speed Distributions)
t Spheeds NPMRDS
ErmiccionRatec TNMAide
>
FIPS NPMRDS
——NEIRepresentative—]
. National Output from Externally
[Ke\/ Default 1 - previous processes - Sourced ]

Figure 54. Flowchart. DANA Tool input data flow including optional Process O

43 https://www.fhwa.dot.gov/policyinformation/tmguide/
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Figure 55 illustrates Process 0, in which the TMAS data are parsed to decode the vehicle classification
data format specified in FHWA’s Traffic Monitoring Guide and are combined with the TMAS station and
classification count data. Pre-processed TMAS data are provided with the DANA tool and can be found in

the Default Input Files\TMAS Data\ directory.

[ THMAS: datfiles ]

| !

TMAS Station TMAS Class

[ Combine over State, Station
Date Hour Direction

— CLASS_DIR

ID Peaking Direction

FEAK_DIR

. CLASS_DIR

Figure 55. Flowchart. Initial stage composite dataset processing (Process 0)
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3. Appendix B. DANA Tool Input Details

Process 0: Process Raw TMAS Data (optional)

station files are provided for 2015-

where XXXX represents the year?

Information/Travel
Monitoring and Survey
Team (HPPI-30)

“ File Location Source Website for
Input Name Notes Input Type Download

TMAS Station If user-defined geographically-specific N/A N/A N/A

or newly updated TMAS data are used

) Externally

rather than the pre-processed national R

TMAS dataset, a TMAS Station File

would be required
TMAS Class If user-defined geographically-specific N/A N/A N/A

or newly updated TMAS data are used

) Externally

rather than the pre-processed national R

TMAS dataset, a TMAS Class File would

be required
FIPS Use the default file provided. This file Default Input US Census https://www2.census.g

provides FIPS county codes for every £ Files\FIPS_County_Codes.csv Bureau/American ov/geo/docs/reference

county in the U.S. — Default | National Standards /codes/files/national ¢

Institute (ANSI) ounty.txt

NEI Use default file provided. This file from Default Input EPA. 2017 National https://gaftp.epa.gov/a
Representative | NEI provides mapping of all U.S. National Files\NEI2017_RepresentativeCounties | Emissions Inventory ir/nei/2017/doc/suppo
Counties counties to representative counties Defa .CsV (NEI) Data rting_data/onroad/

with NEI emission rates available.

Process 1: Process Raw NPMRDS Data
45 File Location Source Website for
Input Name Notes Input Type Download

Processed Use the default file provided for the Default Input Files\TMAS Data\TMAS | FHWA Office of Additional Information:
TMAS Station year of your choice. TMAS counting XXXX\TMAS_Station_XXXX.csv, Highway Policy https://www.fhwa.dot.

gov/policyinformation/

tmguide/

4 The images correspond to those shown in Figure 16.
4 The images correspond to those shown in Figure 16.
47 Alternatively, if optional Process 0 is executed, output from Process 0 will replace this input file, and will be located in the TMAS_Intermediate_Output folder.
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https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/onroad/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/onroad/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/onroad/
https://www.fhwa.dot.gov/policyinformation/tmguide/
https://www.fhwa.dot.gov/policyinformation/tmguide/
https://www.fhwa.dot.gov/policyinformation/tmguide/

Processed
TMAS Class

NPMRDS (All)

NPMRDS
(Passenger)

NPMRDS
(Truck)

TMC
Configuration

Gap Filling
Speeds

Emission Rates

2021.% Additional years may be
provided in the future.

Use the default file provided for the
year of your choice. TMAS
classification count files are provided
for 2015-2021.%8 Additional years may
be provided in the future.

Use the NPMRDS speed data file for
trucks and passenger vehicles (all) from
RITIS download package>®

Use the NPMRDS speed data file for
passenger vehicles from RITIS
download package®!

Use the NPMRDS speed data file for
trucks from RITIS website download
package>?

Use the “TMC_ldentification.csv” file
from RITIS download package>3

Use the default file provided, which is
only used when there are no NPMRDS
speed data available

Use the default file provided from NEI
2017

Externally
Sourced

Externally
Sourced

Externally
Sourced

Externally
Sourced

Default Input Files\TMAS Data\TMAS
XXXX\TMAS_Class_Clean_XXXX.csv,
where XXXX represents the year?®

User Input
Files\Middlesex_MA\NPMRDS Data\
MA_MIDDLESEX_2018_ALL.csv

User Input
Files\Middlesex_MA\NPMRDS Data\
MA_MIDDLESEX_2018_ PASSENGER.
csv

User Input Files\Middlesex_MA\
NPMRDS Data\
MA_MIDDLESEX_2018_TRUCKS.csv

User Input
Files\Middlesex_MA\NPMRDS
Data\TMC_Identification.csv

Default Input
Files\National_Default_Roadway_Op
erating_Speed.csv

Default Input
Files\NEI2017_RepresentativeEmissi
onsRates.parquet

FHWA Office of
Highway Policy
Information/Travel
Monitoring and Survey
Team (HPPI-30)
FHWA Office of
Transportation
Management (HOTM-
1)

FHWA Office of
Transportation
Management (HOTM-
1)

FHWA Office of
Transportation
Management (HOTM-
1)

FHWA Office of
Transportation
Management (HOTM-
1)

AASHTO Green Book
Design Speeds

EPA. 2017 National
Emissions Inventory
(NEI) Data.

Additional Information:
https://www.fhwa.dot.
gov/policyinformation/

tmguide/

https://npmrds.ritis.org
/analytics/download/

https://npmrds.ritis.org
/analytics/download/

https://npmrds.ritis.org
/analytics/download/

https://npmrds.ritis.org
/analytics/download/

See Table 5

See Section 6

46 Note that only TMAS and NPMRDS data for 2021 are available, so 2021 DANA analyses are limited to Process 1 and TNMAide until 2021 HPMS, County Road Mileage, and
Statewide Functional Class VMT are available.
48 Note that only TMAS and NPMRDS data for 2021 are available, so 2021 DANA analyses are limited to Process 1 and TNMAide until 2021 HPMS, County Road Mileage, and
Statewide Functional Class VMT are available.
4 Alternatively, if optional Process 0 is executed, output from Process 0 will replace this input file, and will be located in the TMAS_Intermediate_Output folder.

50 See Section 1.6.3.1 for instructions on how to create a download package for a particular geographic area and time period.
51 See Section 1.6.3.1 for instructions on how to create a download package for a particular geographic area and time period.
52 See Section 1.6.3.1 for instructions on how to create a download package for a particular geographic area and time period.
53 See Section 1.6.3.1 for instructions on how to create a download package for a particular geographic area and time period.
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https://npmrds.ritis.org/analytics/download/
https://npmrds.ritis.org/analytics/download/
https://npmrds.ritis.org/analytics/download/
https://npmrds.ritis.org/analytics/download/
https://npmrds.ritis.org/analytics/download/
https://npmrds.ritis.org/analytics/download/
https://npmrds.ritis.org/analytics/download/
https://npmrds.ritis.org/analytics/download/

FIPS Use the default file provided. This file Default Input US Census https://www2.census.g
provides FIPS county codes for every f Files\FIPS_County_Codes.csv Bureau/American ov/geo/docs/reference
county in the U.S. Pefagl National Standards /codes/files/national ¢

Institute (ANSI) ounty.txt

NEI Use default file provided. This file from Default Input EPA. 2017 National https://gaftp.epa.gov/a

Representative | NEI provides mapping of all U.S. National Files\NEI2017_RepresentativeCounti | Emissions Inventory ir/nei/2017/doc/suppo

Counties counties to representative counties Defaul es.csv (NEI) Data rting_data/onroad/
with NEI emission rates available.

Process 2: Produce MOVES inputs
Input sa File Location Source Website for
Name Notes Input Type Download
Processed | Process 1 output becomes input for Process Processl1_LinkLevelDataset\XX_Compo | N/A N/A
NPMRDS 2 site_Emissions.parquet, where XX
represents the state abbreviation
HPMS Use the HPMS public release of geospatial User Input Files\Middlesex_MA\HPMS | FHWA Office of Up to and including
data in shapefile format available from Data\MA_HPMS_2018.csv Highway Policy 2017:https://www.fhw
FHWA>® EXTERaI Information/Highway a.fjot.gov/policyinf(.)rm
AR System Performance | ation/hpms/shapefiles
Team (HPPI-20) 2017.cfm
2018 and later use GIS
Server
VM2 Use the default file provided for the year of Default Input Files\Statewide FHWA Office of https://www.fhwa.dot.
your choice. VMT data for years 2015-2020 Functional Class Highway Policy gov/policyinformation/
are provided. Use Table VM-2 from Highway VMT\State_ VMT _by_Class_XXXX.csv, Information statistics.cfm
Statistics if other years are desired®® where XXXX represents the year
County Use default file provided for the year of your Default Input Files\HPMS County Road | FHWA Office of N/A
Mileage choice. HPMS county mileage summary files Mileage\County_Road_Mileage XXXX. | Highway Policy
are provided for 2015-2020. Additional years csv, where XXXX represents the year Information/Highway
may be provided in the future. System Performance
Team (HPPI-20)

54 The images correspond to those shown in Figure 16.
55 See Section 1.6.4 for instructions on downloading HPMS data
56 See Section 1.6.4.4 for instructions on downloading HPMS data

64



https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/onroad/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/onroad/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/onroad/
https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles_2017.cfm
https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles_2017.cfm
https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles_2017.cfm
https://www.fhwa.dot.gov/policyinformation/hpms/shapefiles_2017.cfm
https://www.fhwa.dot.gov/policyinformation/statistics.cfm
https://www.fhwa.dot.gov/policyinformation/statistics.cfm
https://www.fhwa.dot.gov/policyinformation/statistics.cfm

Process 3: Produce Speed Distributions

comma and a space.

File Location Source | Website for
Input Name Notes Input Type®’

P put Typ Download
Processed Process 1 output becomes input for Process1_LinkLevelDataset\XX_Composite_Emissions.parquet, = N/A N/A
NPMRDS Process 3 where XX represents the state abbreviation

TNMAide
Input File Location Source | Website for
Notes Input Type®®

Name put 1yp Download
Processed | Process 1 output becomes input for Process1_LinkLevelDataset\XX_Composite_Emissions.parquet, | N/A N/A
NPMRDS | TNMAide where XX represents the state abbreviation
T™™C Use TMC Selection tab to gather TMC codes N/A N/A N/A N/A
Codes for appropriate roadway links. Separate by

57 The images correspond to those shown in Figure 16.
%8 The images correspond to those shown in Figure 16.
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4. Appendix C. Input Data Dictionaries by Process

4.1 Process 1
TMAS_Class_Clean_XXXX.csv, where XXXX represents the year

Column Name Data Description Format Example Read by | Usedin Used for?
Type DANA? | Analysis?
STATE FIPS State Code int 4 N N/A N/A
. I . Matching with relevant station information from
STATION_ID Station Identification int 10091 Y Y TMAS_ Station_ XXXX.csv
DIR Direction of Travel Code int 1 Y Y Matches with corresponding NPMRDS roadway Links
DATE Date of Data string 7/27/2017 | N N/A N/A
YEAR Year of Data int 17 N N/A N/A
MONTH Month of Data int 7 v v l/iz:]slcle type distributions are grouped by month in the TMAS
DAY Day of Data int 27 N N/A N/A
HOUR Hour of Data int 6 v v Vehlcle'type distributions are grouped by hour of the day in the
TMAS tiers
. Vehicle type distributions are grouped by weekends or
DAY_TYPE Weekday/Weekend string WD Y Y weekdays in the TMAS tiers
In Tiers 2, 3, 4, the vehicle type distributions are grouped by this
indicat hich ks whether the link has it kh in th
PEAKING Peak in Morning/Afternoon string AM Y Y indicator which marks whether the finkhas Its peak nours in the

morning of the afternoon, which in turn is an indicator of
whether the link direction runs inbound or outbound

VOL Peak Hour Volume int 986 Y N N/A

Vehicle type distributions are grouped by the highway functional

F_SYSTEM Functional System Code int 3 Y Y classification in TMAS tiers 3 and 4

. Vehicle type distributions are grouped by the urban and rural
URB_RURAL Urban/Rural string v Y Y classification in TMAS tiers 3 and 4
COUNTY FIPS County Code int 13 v v Vehicle type distributions are grouped by the county in which

the roadway resides in TMAS tier 2
Representative County for Emissions Lookup

REPCTY . . int 13 Y N N/A
from National Emissions Inventory
ROUTE_SIGN Route Sign Name int 0 v v Vehlcle_type dllstrlbutlons are_grouped _by the route sign level in
the national highway system in TMAS tier 2
. . Vehicle type distributions are grouped by the route number in
ROUTE_NUMBER Route Number Identificat t 00001290 Y Y
OUTE_NU oute Rumber fdentification string the national highway system in the TMAS tier 2
LAT Latitude of Count Station float 33.360254 | Y N N/A
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LONG Longitude of Count Station float -111.84701 | Y N N/A
Vehicle type distributions are specific to the NPMRDS state in

STATE_NAME State Abbreviation string AZ Y Y TMAS tiers 1, 2, and 3
Mari
COUNTY_NAME County Name string aricopa 1y N N/A
County
LOCATION Description of Location string SR 87 N N/A N/A
HPMS_TYPE10 Count of Vehicle Type 10 (motorcycles) vehicles | int 2 Y Y Indicates the vehicle type percentages for HPMS vehicle type 10
HPMS_TYPE25 Sg;:fezf Vehicle Type 25 (passenger cars) int 901 Y Y Indicates the vehicle type percentages for HPMS vehicle type 25
HPMS_TYPE40 Count of Vehicle Type 40 (busses) vehicles int 13 Y Y Indicates the vehicle type percentages for HPMS vehicle type 40
HPMS_TYPES0 S:P:Jizrezf Vehicle Type 50 (medium trucks) int 55 Y Y Indicates the vehicle type percentages for HPMS vehicle type 50
HPMS_TYPE60 Count of Vehicle Type 60 (heavy trucks) vehicles | int 15 Y Y Indicates the vehicle type percentages for HPMS vehicle type 60
HPMS_ALL Count of All Vehicles for HPMS int 986 N N/A N/A
NOISE_AUTO Count of NOISE Type Automobiles int 901 v v Indlcates.the vehicle type percentages for noise vehicle type
automobiles
Indicates th hicle t t f i hicle t
NOISE_MED_TRUCK = Count of NOISE Type Medium Trucks int 41 Y % ncicates the vehicle type percentages for noise vehicle type
medium trucks
NOISE_HVY_TRUCK | Count of NOISE Type Heavy Trucks int 29 v v Indicates the vehicle type percentages for noise vehicle type
heavy trucks
NOISE_BUS Count of NOISE type Buses int 13 v v :—:ud;:jtes the vehicle type percentages for noise vehicle type
NOISE_MC Count of NOISE type miscellaneous int 5 v v Infjlcates the vehicle type percentages for noise vehicle type
miscellaneous
NOISE_ALL Count of All Vehicles for NOISE int 986 N N/A N/A
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TMAS_Station_XXXX.csv, where XXXX represents the year

Column Name Data Description Format Example Read by Used in Used for?
Type DANA? | Analysis?
STATE FIPS State Code for Count Station int 25 N N/A N/A
COUNTY FIPS County Code for the Count Station int 17 Y N N/A
. e . . Matching with relevant station information from
STATION_ID Station Identification for the Count Station | int 803 Y Y TMAS_CLASS_ XXXX.csv
DIR Direction of Travel Code int 3 Y N N/A
URB_RURAL Urban/Rural string u Y N N/A
F_SYSTEM Functional System Code int 1 Y N N/A
ROUTE_SIGN Route Sign Name int 1 Y N N/A
ROUTE_NUMBER | Route Number Identification string 00001290 Y N N/A
LAT Latitude of Count Station float 42.361064 Y Y Geographic matching for TMAS tier 1
LONG Longitude of Count Station float -71.597149 Y Y Geographic matching for TMAS tier 1
LOCATION Description of Count Station Location string INTERSTATE 290 N N/A N/A
STATE_NAME State Abbreviation string MA v y Vehicle_type distributions are specific to the NPMRDS state in
TMAS tiers 1, 2, and 3

COUNTY_NAME County Name string Middlesex County | Y N N/A
REPCTY Representative County for Emissions int 17 v N N/A

Lookup from National Emissions Inventory
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NPMRDS speed data®?

Column Name Data Description Format Example Read by | Used in Used for?
Type DANA? | Analysis?
tmc_code TMC Link Code string | 133-04099 Y % Uniquely identifies all TMC
links included in the input
Match to vehicle type
measurement_tstamp | Timestamp in 5 minute intervals of the measurement string 1/1/2018 7:00 | Y Y distributions in TMAS data
by speed measurement
timestamp
. . . . Included as final output in
speed The harmonic average speed for all reporting vehicles on the segment. int 62 Y Y .
link-level dataset
The historical average speed. Historical average speeds are calculated by the
CATT Lab by taking the harmonic average of speeds on each segment for each
hour of day and for each day of the week. For data from February 1, 2017 .
average_speed onward, this historical average speed is calculated over the period of February Int 26 N N/A N/A
1, 2017 - June 30th, 2017. For data prior to February 1, 2017, the average is
calculated using the twelve-month period preceding November 2014.
An approximation of free-flow speed for the segment. This value is calculated by
the CATT Lab using the 95th percentile of the speeds between 10 PM and 5 AM. | .
reference_speed The reference speed is calculated over a 6-month period starting April 1st, 2017 Int 65 N N/A N/A
- September 30th, 2017.
Travel time recorded in minutes or seconds. It is the ratio between the segment Travel time included as
travel_time_seconds length and the harmonic average speed for all reporting vehicles on the float 155.83 Y Y output in final link-level
segment. dataset
data_density Refers to one of three values: A) Fewer than five values, B) Five to nine values, string A N N/A N/A

C) More than nine values

%9 Data for passenger vehicles, trucks, and all vehicles have the same format
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TMC_Identification.csv

Column Name Data Description Format Example Read by | Used in Used for?
Type DANA? | Analysis?

. .. . . . Uniquely identifies each
tmc the unique 9 digit value identifying the TMC segment. string 129-04130 Y Y NPMRDS roadway link
road the route number or common name of the roadway string 1-93 N N/A N/A

. . . . . Links with direction in
direction the overall direction of the roadway string SOUTHBOUND Y Y TMAS tier data
intersection the cross street and/or interchange associated with the TMC segment string MA-28/FELLSWAY/EXIT33 | N N/A N/A
state the postal abbreviation of the state to which the TMC Segment is assigned | string MA Y Y :ilgrk(sj:gh state in TMAS
county county name string MIDDLESEX Y N N/A
Zip zip code int 2155 N N/A N/A

G hicall tch
start_latitude the latitude of the beginning of the TMC segment float 42.457923 Y Y eograp |ca.y m? ¢ . es
to TMAS stations in tier 1
. . _— Geographically matches
start_longitude the longitude of the beginning of the TMC segment float -71.102238 Y Y to TMAS stations in tier 1
. . Geographically matches
end_latitude the latitude of the end of the TMC segment float 42.4367488 Y Y to TMAS stations in tier 1
. . Geographically matches
end_longitude the longitude of the end of the TMC segment float 71.1031972 Y Y to TMAS stations in tier 1
Used to calculate speed
f t | ti d
miles the length of the TMC segment float 1.49144 Y Y rom .rave |me.an.
emissions per mile in the
summary output dataset
a numerical value indicating in what order the TMC segment would be
road_order encountered when traveling downstream relative to the other TMC int 133 N N NA
segments on the same road
timezone_name | name of timezone string America/New_York N N/A N/A
the type of tmc code. "P1" is the typical TMC Code. "P3" indicates
type national, state, and county boundaries, rest areas, toll plazas, major string P1 N N/A N/A
bridges, etc. "P4" is for ramps.
country the country in which the TMC segment is located string USA N N/A N/A
a reference to the "Linear TMC" that includes the TMC Segment. Typically,
several TMC Segments are part of a Linear TMC, which usually represents
tmclinear a road corridor through a single county. The purpose of this column is to int 65 N N/A N/A

provide assistance for filtering and locating TMC Segments and simplifying

the process of linking consecutive TMC Segments.
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frc

border_set

f_system

urban_code

faciltype

structype

thrulanes

route_numb

route_sign

route_qual

altrtename

aadt

aadt_singl

the class or group of roads to which the road belongs

Code to indicate if the TMC is within a 5-mile radius of Canadian or
Mexican Boarder

The FHWA-approved Functional Classification System code. If multiple
HPMS segments with different attribute values are assigned to a single

TMC path, the value for the highest functional class (minimum code value)

is assigned.

The U.S. Census Urban Area Code. If multiple HPMS segments with
different attribute values are assigned to a single TMC path, the
predominant value by length is assigned.

The operational characteristic of the roadway. If multiple HPMS segments

with different attribute values are assigned to a single TMC path, the
predominant value by length is assigned.

Code for roadway section that is a bridge, tunnel or causeway. If multiple

HPMS segments with different attribute values are assigned to a single
TMC path, the predominant value by length is assigned.
The number of lanes designated for through-traffic in BOTH TRAVEL

DIRECTIONS. If multiple HPMS segments with different attribute values are

assigned to a single TMC path, the predominant value by length is
assigned.
The signed route number. If multiple HPMS segments with different

attribute values are assigned to a single TMC path, the predominant value

by length is assigned.

Code for the type of route signing. If multiple HPMS segments with
different attribute values are assigned to a single TMC path, the
predominant value by length is assigned.

Code for the route signing descriptive qualifier. If multiple HPMS segments

with different attribute values are assigned to a single TMC path, the
predominant value by length is assigned.

A familiar, non-numeric designation for a route. If multiple HPMS
segments with different attribute values are assigned to a single TMC
path, the predominant value by length is assigned.

Annual Average Daily Traffic. If multiple HPMS segments with different
attribute values are assigned to a single TMC path, the length-weighted
average is assigned.

Annual Average Daily Traffic for single-unit trucks and buses. If multiple
HPMS segments with different attribute values are assigned to a single
TMC path, the length-weighted average is assigned.
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string

string

int

int

int

int

int

string

int

int

9271

93

044A

184104

4126

N/A
N/A

N/A

N/A

N/A

N/A

N/A
N/A
Matches to HPMS

functional classification in
TMAS tier data

N/A

N/A

N/A

N/A

Matches to national
highway route number in
TMAS tier data

Matches to national
highway route sign level
in TMAS tier data

N/A

N/A

Included as output in final
link-level dataset

Included as output in final
link-level dataset



Annual Average Daily Traffic for Combination Trucks. If multiple HPMS

Included as output in final

addt_combi segments with different attribute values are assigned to a single TMC int 4441 Y Y .
. . . link-level dataset
path, the length-weighted average is assigned.
Code for a roadway that is a component of the National Highway System
(NHS). If multiple HPMS segments with different attribute values are .
nhs assigned to a single TMC path, the predominant "on-NHS" value (i.e., 1 Int ! N N N/A
through 9) by length is assigned.
The percentage of the TMC path length that is designated as NHS by HPMS | .
h t t 100 N N/A N/A
nhs_pc (applicable when multiple HPMS segments assigned to a single TMC path). n / /
Code for a roadway section that is a component of the Strategic Highway
Network (STRAHNET). If multiple HPMS segments with different attribute
strhnt_typ values are assigned to a single TMC path, the predominant value by length 0 N N/A N/A
is assigned.
National_Default_Roadway_Operating_Speed.csv
Column Name Data Description Format Example | Read by Used in Used for?
Type DANA? | Analysis?
The FHWA-approved Functional Classification . - N .
f_system System code int 1 Y Y NPMRDS gap-filling during tier-matching process
urban_rural Urban/Rural string U Y Y NPMRDS gap-filling during tier-matching process
f_system_name ;C;E:V:Q:EZtr)(:\rlee:pf)ir:jci:g:s Itﬁfizlgzatlon string Interstate | Y Y NPMRDS gap-filling during tier-matching process
default_speed National default speed limit based on urban or int 55 Y Y NPMRDS gap-filling during tier-matching process

Column Name

rural functional class

NEI2017_RepresentativeEmissionsRates.parquet

Data Description Format | Example
Type

Read by = Usedin
DANA? | Analysis?

Used for?

repcty

season
hourid

roadtypeid

County ID This repcty id can be matched to the counties

in the TMAS data int 1073
.Encoded_season which communicates month int 120102
information

hour of the day which the data represent int 1
MOVES road type id int 4
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Y

Matches emission rates to counties in TMAS and NPMRDS
data

Matches emission rates to month in TMAS and NPMRDS data

Matches emission rates to hour in TMAS and NPMRDS data
Matches emission rates to road type in TMAS and NPMRDS
data



hpmsvtypeid HPMS vehicle type code int 10 Y Matches emission rates to HPMS vehicle type in TMAS data
pollutantid MOVES pollutant ID int 2 Y Included as output indicating specific pollutant emission rates
. . speed bin identifier for speed bins with midpoint speed. | . Matches emission rates to the speed of passenger and heavy
avgspeedbinid Convention is: 1=2.5, 2=5, 3=10, 4=15, ..., 16=75 Int ! Y duty vehicles in NPMRDS data
Incl tput f ific vehicle t
grams_per_mile | Emissions rate in grams-per-mile float 76.89116 Y ncluded as o.u Pu or specific vehicle type, speed and
pollutant emissions rates
FIPS_County_Codes.csv
Column Name Data Description Format Example Read by | Used in Used for?
Type DANA? | Analysis?
STATE_NAME State Abbreviation | int AL Y Y Matches to state column in NPMRDS TMC configuration file
STATE_CODE State Number int 1 Y Y Matches to FIPS state-county codes in TMC configuration file and TMAS data
COUNTY_CODE County Code int 55 Y Y Matches to FIPS state-county codes in TMC configuration file and TMAS data
COUNTY_NAME | County Name string Etowah County | Y Y Matches to county name in NPMRDS TMC Configuration file
FIPS_TYPE County Category string H1 Y N N/A

NEI2017_RepresentativeCounties.csv

Column Name Data Description Format Example Read by | Used in Used for?

Type DANA? | Analysis?
stateid FIPS State Code int 1 Y Y Matches to state FIPS ID in NPMRDS TMC Configuration file
countyid State-County FIPS Code int 1061 Y Y Matches to county FIPS ID in NPMRDS TMC Configuration file
State_Name Name of State string Alabama N N/A N/A
County_Name | Name of County string Geneva County | N N/A N/A
repcty fﬁ::x:ill::; Ctir; Priﬂrzgt;:;d to int 1097 Y Y Matches to representative county in the NEI emissions rates file
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4.2 Process 2

HPMS
Column Name Data Description Format = Example | Read by | Usedin Used for?
Type DANA? | Analysis?
objectid shapefile object identifier int 1 N N/A N/A
year_record Year for which the data apply int 2018 N N/A N/A
state_code State FIPS code int 25 N N/A N/A
route_id Location reference ID for the linear feature string SRIANB | N N/A N/A
begin_point beginning milepoint float 27.089 Y Y Calculating length of the roadway segment in miles
end_point ending milepoint float 27.1 Y Y Calculating length of the roadway segment in miles
Used in multiple calculations including VMT by
aadt average annual daily traffic int 18257 Y Y vehicle type distributions and monthly and day
type distributions when producing MOVES inputs.
aadt_combination | combination truck AADT int 181 N N/A N/A
aadt_single_unit Single Unit Truck and Bus AADT int 750 N N/A N/A
access_control_ The degree of access control for a given section of road int 3 N N/A N/A
county_code FIPS County Code int 21 Y Y Results grouped by com_,mty codes.ar.1d output
separately for each unique code in input data
. . Used to assign MOVES road types when producing
f_system Functional System int 4 Y Y MOVES inputs
facility_type The operational characteristic of the roadway int 2 N N/A N/A
iri International Roughness Index int 155 N N/A N/A
nhs National Highway System int 1 N N/A N/A
ownership public/private entity ownership code int 1 N N/A N/A
psr Present Serviceability Rating for pavement condition int 3 N N/A N/A
route_number signed route number int 1 N N/A N/A
route_qualifier route signing descriptor int 1 N N/A N/A
route_signing type of route signing int 4 N N/A N/A
speed_limit posted speed limit int 40 N N/A N/A
Roadway section that is a component of the Strategic Highwa .
strahnet_type NetworlZ(STRAHNET) P g ghway int 2 N N/A N/A
structure_type Roadway section that is a bridge, tunnel or causeway int 3 N N/A N/A
surface_type Surface Type of a given section int 7 N N/A N/A
through_lanes number of lanes designated for through-traffic int 4 N N/A N/A
toll_charged Identifies sections that are toll facilities regardless of whether or int ) N N/A N/A

not a toll is charged
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Indicates the presence of special tolls (i.e., High Occupancy Toll
(HOT) lane(s) or other managed lanes)

truck National Truck Network int 1 N N/A N/A

Used to assign MOVES road types when producing
MOVES inputs

toll_type int 1 N N/A N/A

urban_code U.S. Census Urban Area Code int 9271 Y Y
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State_VMT_by_Class_XXXX.csv, where XXXX represents the year

Column Name Data Description Format Example Read Used in Used for?
Type by Analysis?
DANA?

State State Name string California | Y Y Matches to state column in link level dataset

Rural Interstate Rural Interstate VMT int 17,184 Y Y Used to 'calcula'te total VMT by road type to produce
MOVES input files

. Used to calculate total VMT by road type to produce

Rural Other Freeways and Expressways Rural Freeway & Expressway VMT | int 5,977 Y Y MOVES input files
Used to calculate total VMT b dtypet d

Rural Other Principal Arterial Rural Principal Arterial VMT int 11,150 Y Y °€ o.ca cua_ e tota ¥ road type to produce
MOVES input files

Rural Minor Arterial Rural Minor Arterial VMT int 8,332 Y Y Used to .calcula_te total VMT by road type to produce
MOVES input files
Used to calculate total VMT b dtypet d

Rural Major Collector Rural Major Collector VMT int 9,485 Y Y °¢ o'ca cu a' e tota ¥ road type to produce
MOVES input files

Rural Minor Collector Rural Minor Collector VMT int 1,023 Y Y Used to 'calcula'te total VMT by road type to produce
MOVES input files

Rural Local Rural Local VMT int 3329 v v Used to 'calcula'te total VMT by road type to produce
MOVES input files

Rural Total Total Rural VMT int 56,480 v v Used to .calcula-te total VMT by road type to produce
MOVES input files

Urban Interstate Urban Interstate VMT int 74,947 Y Y Used to .calcula_te total VMT by road type to produce
MOVES input files

. Used to calculate total VMT by road type to produce

Urban Other Freeways and Expressways | Urban Freeway & Expressway VMT | int 61,513 Y Y MOVES input files

Urban Other Principal Arterial Urban Principal Arterial VMT int 53,258 Y Y Used to 'calcula'te total VMT by road type to produce
MOVES input files

Urban Minor Arterial Urban Minor Arterial VMT int 48,280 Y Y Used to 'calcula'te total VMT by road type to produce
MOVES input files

Urban Major Collector Urban Major Collector VMT int 24,231 Y Y Used to .calcula-te total VMT by road type to produce
MOVES input files

Urban Minor Collector Urban Minor Collector VMT int 746 Y Y Used to .calcula_te total VMT by road type to produce
MOVES input files

Urban Local Urban Local VMT int 21,380 v v Used to .calcula_te total VMT by road type to produce
MOVES input files

Urban Total Total Urban VMT int 284,356 v v Used to 'calcula'te total VMT by road type to produce
MOVES input files

All VMT Total Urban & Rural VMT int 340,836 Y N N/A
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County_Road_Mileage_XXXX.csv, where XXXX represents the year

Column Name Data Description Format Example Read by | Usedin Used for?
Type DANA? | Analysis?
Year_Record Year for which the data apply int 2018 N N/A N/A
State_Code FIPS State Code int 1 Y Y Matches to state FIPS code in link level dataset
County_Code FIPS County Code int 1 Y Y Matches to county FIPS code in link level dataset
F_System Functional Class Code int 6 Y Y Matches to county FIPS code in link level dataset
Urban_Code The U.S. Census Urban Area Code int 99999 Y Y Used to .set urban or rural road types to produce
MOVES inputs
Ownership Public/private entity ownership code int 2 N N/A N/A
RMC_L_System_Length | Rural minor collector and local system length | float 65.410 Y Y To calculate VMT for road classes 6 and 7
Last_Modified_By Most Recent Editor string John L Formby Jr N N/A N/A
- . . 2019-04-10
Last_Modified_On Date of Most Recent Edit date time 11:35:02.987 N N/A N/A
Year_Record Year for which the data apply int 2018 N N/A N/A
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5. Appendix D. Output Data Dictionaries by Process

5.1 Process 1

XX_Composite_Emissions.parquet,® where XX represents the state abbreviation

Column Name Data Description Format Example
Type

measurement_tstamp Timestamp in 5 minute intervals of the measurement datetime | 12/1/2017 0:00
travel_time_all Travel time for all vehicles during measurement time, in seconds float 34.87
speed_all speed for all vehicles during measurement time, in miles per hour float 61.975338
travel_time_pass travel time for passenger vehicles during measurement time, in seconds float 35.16
speed_pass average speed for passenger vehicles during measurement time, in miles per hour float 61.464165
travel_time_truck travel time for trucks during measurement time, in seconds float 34.6
speed_truck average speed for trucks during measurement time, in miles per hour float 62.458958
year year of measurement int 2017
month month year int 12
day day of month int 1
hour hour of day int 0
weekday Day of the week, 1-8, where 8 is for holidays specifically. int 5
dow weekday or weekend (WD or WE) string WD
peaking AM or PM, depending on if that direction peaks during the morning commute string PM
tmc TMC Link identifier string 129N04633
road Name of the roadway, usually the interstate system designation string 1-395
direction NB, SB, EB, WB standing for north, south, east and west bound TMC links string SB
start_latitude The starting latitude of the TMC link float 42.064864
start_longitude The starting longitude of the TMC link float -71.859803
end_latitude The ending latitude of the TMC link float 42.056371
end_longitude The ending longitude of the TMC link float -71.861056
tmc_length the length of the TMC segment, in miles float 0.6003

Numerical value indicating in what order the TMC segment would be encountered when traveling downstream relative to the | .
road_order int 9

other TMC segments on the same road

the FHWA-approved Functional Classification System code If multiple HPMS segments with different attribute values are .
f_system . . . . - . . int 1

assigned to a single TMC path, the value for the highest functional class (minimum code value) is assigned
faciltype the operational characteristic of the roadway int 2
thrulanes the number of lanes designated for through-traffic in both travel directions int 4
aadt Annual Average Daily Traffic on the TMC link, number of vehicles float 15237.5

60 XX_Composite_Emissions_ SAMPLE.csv has the same format, containing a subset of the rows from XX_Composite_Emissions.parquet
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aadt_singl
aadt_combi
nhs
isprimary

active_start_date

active_end_date

urban_rural

state

county

repcty

PCT_TYPE10
PCT_TYPE25
PCT_TYPE40
PCT_TYPES0
PCT_TYPE60
PCT_NOISE_AUTO
PCT_NOISE_MED_TRUCK
PCT_NOISE_HVY_TRUCK
PCT_NOISE_BUS
PCT_NOISE_MC

tier
VOLUME_MODIFIER
tier_volume

dayid

monthid

hourid

roadtypeid
avgspeedbinid
monthid3

VMT

MAADT

AADT of single unit trucks, number of trucks

AADT of combination trucks, number of trucks

code for a roadway that is a component of the NHS

defines overlapping (IsPrimary = 0) and non-overlapping (IsPrimary = 1) TMCs

active_start_date

active_end_date

U or R if TMC urban rural designation is Urban or Rural

FIPS State code

FIPS County code

representative county from National emissions inventory

Vehicle Type 10 (motorcycles) percent of AADT (sums to 1 across 5 HPMS vehicle types and 24 hours)

Vehicle Type 25 (passenger cars) percent of AADT (sums to 1 across 5 HPMS vehicle types and 24 hours)
Vehicle Type 40 (busses) percent of AADT (sums to 1 across 5 HPMS vehicle types and 24 hours)

Vehicle Type 50 (medium trucks) percent of AADT (sums to 1 across 5 HPMS vehicle types and 24 hours)
Vehicle Type 60 (heavy trucks) percent of AADT (sums to 1 across 5 HPMS vehicle types and 24 hours)

Percent of AADT that is Auto vehicle type for noise (sums to 1 across 5 noise vehicle types and 24 hours)
Percent of AADT that is Medium Trucks vehicle type for noise (sums to 1 across 5 noise vehicle types and 24 hours)
Percent of AADT that is Heavy Trucks vehicle type for noise (sums to 1 across 5 noise vehicle types and 24 hours)
Percent of AADT that is Bus vehicle type for noise (sums to 1 across 5 noise vehicle types and 24 hours)

Percent of AADT that is Motorcycles vehicle type for noise (sums to 1 across 5 noise vehicle types and 24 hours)
Tier 1-4, (including half tiers) denoting how TMAS fleet distribution by vehicle class was matched to TMC link
Month and day type average deviation from the AADT per station

Tier 1-4 (not including half tiers), denoting how TMAS total volume data was matched to TMC link

MOVES Day ID

MOVES Month ID

MOVES Hour ID

MOVES roadtype id

MOVES Average Speed Bin

—_ |~

VMT total on the roadway for the given hour, in miles
Modified average annual daily traffic (VOLUME_MODIFIER*AADT), number of vehicles
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int
int
int
int
datetime

datetime

string
int
int
int
float
float
float
float
float
float
float
float
float
float
float
float
int
int
int
int
int
int
int
float
float

844

1506

1

1

2016-01-01
00:00:00-05:00
2018-01-01
00:00:00-05:00
u

25

27

25017
3.20E-05
0.007194146
0.00013238
0.000515824
0.002350879
0.007194146
7.30E-05
0.002793666
0.00013238
3.20E-05

1.5
1.234567654
1

5

12

1

13

120102
93.53047413
96.123454312



10_1005%¢2
10_110
10_2

10_3

10_87

25_100
25_110
25 2
25_3

25_87

40_100
40_110
40_2
40_3

40_87

50_100
50_110
50_2
50_3

Emission rate of pollutant 100 (PM1o) from Vehicle Type 10 (motorcycles), in kilograms per mile
Emission rate of pollutant 110 (PM2s) from Vehicle Type 10 (motorcycles), in kilograms per mile
Emission rate of pollutant 2 (CO) from Vehicle Type 10 (motorcycles), in kilograms per mile
Emission rate of pollutant 3 (NOyx) from Vehicle Type 10 (motorcycles), in kilograms per mile

Emission rate of pollutant 87 (VOC) from Vehicle Type 10 (motorcycles), in kilograms per mile

Emission rate of pollutant 100 (PMao) from Vehicle Type 25 (passenger cars), in kilograms per mile
Emission rate of pollutant 110 (PM2;s) from Vehicle Type 25 (passenger cars), in kilograms per mile
Emission rate of pollutant 2 (CO) from Vehicle Type 25 (passenger cars), in kilograms per mile
Emission rate of pollutant 3 (NOx) from Vehicle Type 25 (passenger cars), in kilograms per mile

Emission rate of pollutant 87 (VOC) from Vehicle Type 25 (passenger cars), in kilograms per mile

Emission rate of pollutant 100 (PM1o) from Vehicle Type 40 (busses), in kilograms per mile
Emission rate of pollutant 110 (PM2) from Vehicle Type 40 (busses), in kilograms per mile
Emission rate of pollutant 2 (CO) from Vehicle Type 40 (busses), in kilograms per mile
Emission rate of pollutant 3 (NOx) from Vehicle Type 40 (busses), in kilograms per mile

Emission rate of pollutant 87 (VOC) from Vehicle Type 40 (busses), in kilograms per mile

Emission rate of pollutant 100 (PMao) from Vehicle Type 50 (medium trucks), in kilograms per mile
Emission rate of pollutant 110 (PM2s) from Vehicle Type 50 (medium trucks), in kilograms per mile
Emission rate of pollutant 2 (CO) from Vehicle Type 50 (medium trucks), in kilograms per mile
Emission rate of pollutant 3 (NOyx) from Vehicle Type 50 (medium trucks), in kilograms per mile

61 Tables describing MOVES pollutant and vehicle type IDs used to hame this and all remaining columns can be found here:
https://github.com/USEPA/EPA MOVES Model/blob/master/docs/MOVES3CheatsheetOnroad.pdf

float
float
float
float

float

float
float
float
float

float

float
float
float
float
float
float
float

float
float
float
float

0.016962
0.013992
5.2409

0.273095

0.271542

0.006899
0.004024
0.86889
0.09068

0.016352

0.066876
0.051667
0.579334
1.741097
0.012671
0.000507
0.089306

0.062473
0.046663
1.272433
0.924419

62 Note that the emissions rate columns will not be included in the output file if DANA is run for Alaska or Hawaii due to missing emission rates and representative counties for
those states in the 2017 NEI.
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50_87

60_100
60_110
60_2
60_3

60_87

Emission rate of pollutant 87 (VOC) from Vehicle Type 50 (medium trucks), in kilograms per mile

Emission rate of pollutant 100 (PMao) from Vehicle Type 60 (heavy trucks), in kilograms per mile
Emission rate of pollutant 110 (PM2.) from Vehicle Type 60 (heavy trucks), in kilograms per mile
Emission rate of pollutant 2 (CO) from Vehicle Type 60 (heavy trucks), in kilograms per mile
Emission rate of pollutant 3 (NOx) from Vehicle Type 60 (heavy trucks), in kilograms per mile

Emission rate of pollutant 87 (VOC) from Vehicle Type 60 (heavy trucks), in kilograms per mile

tierl_class.csv

Column Name Data Description Format Type Example
STATION_ID Station Identification int 101
tmc The unique 9-digit value identifying the TMC segment string 129+04375
DIR Direction of Travel Code int 1
MONTH Month of Data int 10
DAY_TYPE Weekday/Weekend string WD
HOUR Hour of Data int 23
PCT_TYPE10 Vehicle Type 10 (motorcycles) percent of AADT float 0.000005917
PCT_TYPE25 Vehicle Type 25 (passenger cars) percent of AADT float 0.003722070
PCT_TYPE40 Vehicle Type 40 (busses) percent of AADT float 0.000047340
PCT_TYPES0 Vehicle Type 50 (medium trucks) percent of AADT float 0.000071009
PCT_TYPE6O Vehicle Type 60 (heavy trucks) percent of AADT float 0.000112431
PCT_NOISE_AUTO Percent of AADT that is Auto vehicle type for noise float 0.003722070
PCT_NOISE_MED_TRUCK | Percent of AADT that is Medium Trucks vehicle type for noise | float 0.000065092
PCT_NOISE_HVY_TRUCK | Percent of AADT that is Heavy Trucks vehicle type for noise float 0.000118349
PCT_NOISE_BUS Percent of AADT that is Bus vehicle type for noise float 0.000047340
PCT_NOISE_MC Percent of AADT that is Motorcycles vehicle type for noise float 0.000005917
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float
float
float
float

float

0.087783

0.057921
0.042647
0.2679

1.302386

0.043465



tierl_annualaverage_class.csv

Column Name Data Description Format Type Example
COUNTY FIPS County Code int 3
ROUTE_SIGN Route Sign Name int 8
ROUTE_NUMBER Route Number Identification string 000SR146
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
HOUR Hour of Data int 23
PCT_TYPE10 Vehicle Type 10 (motorcycles) annual average percent of AADT float 0.000002955
PCT_TYPE25 Vehicle Type 25 (passenger cars) annual average percent of AADT float 0.003180073
PCT_TYPE40 Vehicle Type 40 (busses) annual average percent of AADT float 0.000029555
PCT_TYPES0 Vehicle Type 50 (medium trucks) annual average percent of AADT float 0.000059109
PCT_TYPE6O Vehicle Type 60 (heavy trucks) annual average percent of AADT float 0.000150728
PCT_NOISE_AUTO Annual average percent of AADT that is Auto vehicle type for noise float 0.003180073
PCT_NOISE_MED_TRUCK | Annual average percent of AADT that is Medium Trucks vehicle type for noise | float 0.000056154
PCT_NOISE_HVY_TRUCK | Annual average percent of AADT that is Heavy Trucks vehicle type for noise float 0.000153684
PCT_NOISE_BUS Annual average percent of AADT that is Bus vehicle type for noise float 0.000029555
PCT_NOISE_MC Annual average percent of AADT that is Motorcycles vehicle type for noise float 0.000002955
tierl_volume.csv
Column Name Data Description Format Type Example
STATION_ID Station Identification int 101
tmc The unique 9-digit value identifying the TMC segment string 129+04375
DIR Direction of Travel Code int 1
MONTH Month of Data int 10
DAY_TYPE Weekday/Weekend string WD
VOL Total monthly and day type average volume per station, number of vehicles float 76300.1
VOL_MEAN Average annual daily traffic calculated from TMAS data, number of vehicles float 70155.7
VOLUME_MODIFIER | Month and day type average deviation from the AADT per station, number of vehicles | float 1.234567654
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tier2_class.csv

Column Name Data Description Format Type Example
COUNTY FIPS County Code int 3
ROUTE_SIGN Route Sign Name int 8
ROUTE_NUMBER Route Number Identification string 000SR146
MONTH Month of Data int 10
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
HOUR Hour of Data int 23
PCT_TYPE10 Vehicle Type 10 (motorcycles) percent of AADT float 0.000002955
PCT_TYPE25 Vehicle Type 25 (passenger cars) percent of AADT float 0.003180073
PCT_TYPE40 Vehicle Type 40 (busses) percent of AADT float 0.000029555
PCT_TYPES0 Vehicle Type 50 (medium trucks) percent of AADT float 0.000059109
PCT_TYPE6O Vehicle Type 60 (heavy trucks) percent of AADT float 0.000150728
PCT_NOISE_AUTO Percent of AADT that is Auto vehicle type for noise float 0.003180073
PCT_NOISE_MED_TRUCK | Percent of AADT that is Medium Trucks vehicle type for noise | float 0.000056154
PCT_NOISE_HVY_TRUCK | Percent of AADT that is Heavy Trucks vehicle type for noise float 0.000153684
PCT_NOISE_BUS Percent of AADT that is Bus vehicle type for noise float 0.000029555
PCT_NOISE_MC Percent of AADT that is Motorcycles vehicle type for noise float 0.000002955
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tier2_annualaverage_class.csv

Column Name Data Description Format Type Example
COUNTY FIPS County Code int 3
ROUTE_SIGN Route Sign Name int 8
ROUTE_NUMBER Route Number Identification string 000SR146
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
HOUR Hour of Data int 23
PCT_TYPE10 Vehicle Type 10 (motorcycles) annual average percent of AADT float 0.000002955
PCT_TYPE25 Vehicle Type 25 (passenger cars) annual average percent of AADT float 0.003180073
PCT_TYPE40 Vehicle Type 40 (busses) annual average percent of AADT float 0.000029555
PCT_TYPES0 Vehicle Type 50 (medium trucks) annual average percent of AADT float 0.000059109
PCT_TYPE6O Vehicle Type 60 (heavy trucks) annual average percent of AADT float 0.000150728
PCT_NOISE_AUTO Annual average percent of AADT that is Auto vehicle type for noise float 0.003180073
PCT_NOISE_MED_TRUCK | Annual average percent of AADT that is Medium Trucks vehicle type for noise float 0.000056154
PCT_NOISE_HVY_TRUCK | Annual average percent of AADT that is Heavy Trucks vehicle type for noise float 0.000153684
PCT_NOISE_BUS Annual average percent of AADT that is Bus vehicle type for noise float 0.000029555
PCT_NOISE_MC Annual average percent of AADT that is Motorcycles vehicle type for noise float 0.000002955

tier2_volume.csv

Column Name Data Description Format Type Example
COUNTY FIPS County Code int 3
ROUTE_SIGN Route Sign Name int 8
ROUTE_NUMBER Route Number Identification string 000SR146
MONTH Month of Data int 10
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
VOL Total monthly and day type average volume per station, number of vehicles float 76300.1
VOL_MEAN Average annual daily traffic calculated from TMAS data, number of vehicles float 70155.7
VOLUME_MODIFIER | Month and day type average deviation from the AADT per station, number of vehicles | float 1.234567654
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tier3_class.csv

Column Name Data Description Format Type Example
URB_RURAL Urban/Rural string u
F_SYSTEM Functional System Code int 3
MONTH Month of Data int 10
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
HOUR Hour of Data int 0
PCT_TYPE10 Vehicle Type 10 (motorcycles) percent of AADT float 0.000164251
PCT_TYPE25 Vehicle Type 25 (passenger cars) percent of AADT float 0.053997454
PCT_TYPE40 Vehicle Type 40 (busses) percent of AADT float 0.003777769
PCT_TYPES0 Vehicle Type 50 (medium trucks) percent of AADT float 0.001847822
PCT_TYPE6O Vehicle Type 60 (heavy trucks) percent of AADT float 0.010224613
PCT_NOISE_AUTO Percent of AADT that is Auto vehicle type for noise float 0.053997454
PCT_NOISE_MED_TRUCK | Percent of AADT that is Medium Trucks vehicle type for noise | float 0.001314006
PCT_NOISE_HVY_TRUCK | Percent of AADT that is Heavy Trucks vehicle type for noise float 0.010758428
PCT_NOISE_BUS Percent of AADT that is Bus vehicle type for noise float 0.003777769
PCT_NOISE_MC Percent of AADT that is Motorcycles vehicle type for noise float 0.000164251
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tier3_annualaverage_class.csv

Column Name Data Description Format Type Example
COUNTY FIPS County Code int 3
ROUTE_SIGN Route Sign Name int 8
ROUTE_NUMBER Route Number Identification string 000SR146
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
HOUR Hour of Data int 23
PCT_TYPE10 Vehicle Type 10 (motorcycles) annual average percent of AADT float 0.000002955
PCT_TYPE25 Vehicle Type 25 (passenger cars) annual average percent of AADT float 0.003180073
PCT_TYPE40 Vehicle Type 40 (busses) annual average percent of AADT float 0.000029555
PCT_TYPES0 Vehicle Type 50 (medium trucks) annual average percent of AADT float 0.000059109
PCT_TYPE6O Vehicle Type 60 (heavy trucks) annual average percent of AADT float 0.000150728
PCT_NOISE_AUTO Annual average percent of AADT that is Auto vehicle type for noise float 0.003180073
PCT_NOISE_MED_TRUCK | Annual average percent of AADT that is Medium Trucks vehicle type for noise | float 0.000056154
PCT_NOISE_HVY_TRUCK | Annual average percent of AADT that is Heavy Trucks vehicle type for noise float 0.000153684
PCT_NOISE_BUS Annual average percent of AADT that is Bus vehicle type for noise float 0.000029555
PCT_NOISE_MC Annual average percent of AADT that is Motorcycles vehicle type for noise float 0.000002955

tier3_volume.csv

Column Name Data Description Format Type Example
URB_RURAL Urban/Rural string u
F_SYSTEM Functional System Code int 3
MONTH Month of Data int 10
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
URB_RURAL Urban/Rural string u
VOL Total monthly and day type average volume per station, number of vehicles float 76300.1
VOL_MEAN Average annual daily traffic calculated from TMAS data, number of vehicles float 70155.7
VOLUME_MODIFIER Month and day type average deviation from the AADT per station, number of vehicles | float 1.234567654
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tier4_class.csv

Column Name Data Description Format Type Example

URB_RURAL Urban/Rural string u

F_SYSTEM Functional System Code int 3

MONTH Month of Data int 10

DAY_TYPE Weekday/Weekend string WD

PEAKING Peak in Morning/Afternoon string AM

HOUR Hour of Data int 0

PCT_TYPE10 Vehicle Type 10 (motorcycles) percent of AADT float 0.00032127

PCT_TYPE25 Vehicle Type 25 (passenger cars) percent of AADT float 0.00602237

PCT_TYPE40 Vehicle Type 40 (busses) percent of AADT float 0.00011841

PCT_TYPES0 Vehicle Type 50 (medium trucks) percent of AADT float 0.00031556

PCT_TYPE6O Vehicle Type 60 (heavy trucks) percent of AADT float 0.00384876

PCT_NOISE_AUTO Percent of AADT that is Auto vehicle type for noise float 0.00602237

PCT_NOISE_MED_TRUCK | Percent of AADT that is Medium Trucks vehicle type for noise | float 0.00022525

PCT_NOISE_HVY_TRUCK | Percent of AADT that is Heavy Trucks vehicle type for noise float 0.00393907

PCT_NOISE_BUS Percent of AADT that is Bus vehicle type for noise float 0.00011841

PCT_NOISE_MC Percent of AADT that is Motorcycles vehicle type for noise float 0.00032127

tier4_volume.csv
Column Name Data Description Format Type Example

URB_RURAL Urban/Rural string u
F_SYSTEM Functional System Code int 3
MONTH Month of Data int 10
DAY_TYPE Weekday/Weekend string WD
PEAKING Peak in Morning/Afternoon string AM
VOL Total monthly and day type average volume per station, number of vehicles float 76300.1
VOL_MEAN Average annual daily traffic calculated from TMAS data, number of vehicles float 70155.7

VOLUME_MODIFIER
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XX_Composite_Emissions_SUMMARY.csv, where XX represents the state abbreviation

Column Name Data Description Format Example
Type

tmc TMC Link identifier string 129N04633
road Name of the roadway, usually the interstate system designation string 1-395
tmc_length the length of the TMC segment, in miles float 0.6003
Average_Speed Average speed over the full year, in miles per hour float 49.22254
Average AADT Full year AADT, number of vehicles float 62048.5
TotEmissionsPerMile_253 Total estimated emissions for pollutant 2 (CO), in kilograms per roadway mile float 1028475.19
TotEmissionsPerMile_3 Total estimated emissions for pollutant 3 (NOy), in kilograms per roadway mile float 181619.7831
TotEmissionsPerMile_87 Total estimated emissions for pollutant 87 (VOC), in kilograms per roadway mile float 33847.90502
TotEmissionsPerMile_100 Total estimated emissions for pollutant 100 (PM1o), in kilograms per roadway mile float 26590.4183
TotEmissionsPerMile_110 Total estimated emissions for pollutant 110 (PMz.s), in kilograms per roadway mile | float 10137.31181
LAeq_WORST_HOUR Highest single-hour A-weighted equivalent sound pressure level amongst the 365 x | float 75.3

24 hours in a standard year (or 366 x 24 hours in a leap year)
LAeq_24hrs_WORST_HOUR_DATE | The date in which the worst hour occurred string 7/04/2017
Ldn_WORST_HOUR_DATE The Day-Night Level for the day in which the worst hour occurred float 72.4
Lden_WORST_HOUR_DATE The Day-Evening-Night level for the day in which the worst hour occurred float 73.6
LAeq_WORST_HOUR_AVG Highest single-hour A-weighted equivalent sound pressure level amongst the 24 float 73.5

hours in the Average Day. (The Average Day consists of 24 one-hour levels, each of

which represents the average of the specified hour over the 365 days (or 366 days

for leap years)
LAeq_24hrs_AVG_DAY The 24-hour A-weighted sound pressure level computed by energy averaging the float 71.5

24 one-hour levels in the Average Day.
Ldn_AVG_DAY The Day-Night Level for the Average Day float 74.2
Lden_AVG_DAY The Day-Evening-Night level for the Average Day float 75.7

. . LINESTRING (-71.07650579999995

geometry Geography of roadway link string

63 Note that the estimated emissions columns will appear as zeros in the output file if DANA is run for Alaska or Hawaii due to missing emission rates and representative counties

for those states in the 2017 NEI.
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42.38384420000006, ..., -71.08293899999995
42.39086300000002)

npmrds_average_speed_values.csv

Column Name Data Description Format Type Example
urban_rural Urban/Rural string R
f_system Functional System Code int 3
weekday Hour of day (0-23) int 1
hour Day of the week (1-7) int 0
speed_all National average speed float 38.91429
npmrds_all_fill_method Numerical code indicating national average speed gap filling method (see Section 1.5 for more details) int 3
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5.2 Process 2

XX_MONTH_VMT.csv, where XX represents the state abbreviation

Column Name Data Description Format Type Example
County FIPS County Code int 11
monthlD Month of Data int 9
sourceTypelD MOVES vehicle type identification | int 11
monthVMTFraction | Monthly VMT Fraction float 0.020164844
XX_DAY_VMT.csv, where XX represents the state abbreviation

Column Name Data Description Format Type Example
county FIPS County Code int 11
monthlD Month of Data int 9
roadTypelD MOVES functional class identification | int 2
daylD Day of Data Code int 2
sourceTypelD MOVES vehicle type identification int 11
dayVMTFraction | Daily VMT Fraction float 0.146529563

XX_HOUR_VMT.csv, where XX represents the state abbreviation

Column Name Data Description Format Type Example
county FIPS County Code int 11
roadTypelD MOVES functional class identification | int 2
daylD Day of Data Code int 2
hourlD Hour of Data int 1
sourceTypelD MOVES vehicle type identification int 11
hourVMTFraction | Hourly VMT Fraction float 0.009950249
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XX_REGIONAL_VMT.csv, where XX represents the state abbreviation

Column Name Data Description Format Type Example
state FIPS State Code int 25
county FIPS County Code int 1
yearlD Year of Data int 2015
baseYearOffNetVMT always set to zero int 0
HPMSBaseYearVMT VMT for the given year, in miles | float 57880027.8996705
HPMStypelD MOVES VMT Type Code int 50

XX_ROADTYPE_VMT.csv, where XX represents the state abbreviation

Column Name Data Description Format Type Example
county FIPS State Code int 1
roadTypelD MOVES functional class identification | int 3
sourceTypelD MOVES vehicle type identification int 11
roadTypeVMTFraction | VMT Fraction by road type float 0.007343567

XX_MONTH_VMT_YY.csv, where XX represents the state abbreviation and YY represents the county code

Column Name Data Description Format Type Example
sourceTypelD MOVES vehicle type identification | int 11
monthlD Month of Data int 9
monthVMTFraction | Monthly VMT Fraction float 0.020164844

XX_DAY_VMT_YY.csv, where XX represents the state abbreviation and YY represents the county code

Column Name Data Description Format Type Example
sourceTypelD MOVES vehicle type identification int 11
monthlD Month of Data int 9
roadTypelD MOVES functional class identification | int 2
daylD Day of Data Code int 2
dayVMTFraction | Daily VMT Fraction float 0.146529563
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XX_HOUR_VMT_YY.csv, where XX represents the state abbreviation and YY represents the county code

Column Name Data Description Format Type Example
sourceTypelD MOVES vehicle type identification int 11
roadTypelD MOVES functional class identification | int 2
dayID Day of Data Code int 2
hourlD Hour of Data int 1
hourVMTFraction | Hourly VMT Fraction float 0.009950249

XX_ REGIONAL_VMT _YY.csv, where XX represents the state abbreviation and YY represents the county code

Column Name Data Description Format Type Example
HPMSVtypelD MOVES VMT Type Code int 50
yearlD Year of Data int 2015
HPMSBaseYearVMT | VMT for the given year, in miles | float 57880027.8996705

XX_ROADTYPE_VMT_YY.csv, where XX represents the state abbreviation and YY represents the county code

Column Name Data Description Format Type Example
sourceTypelD MOVES vehicle type identification int 11
roadTypelD MOVES functional class identification | int 3
roadTypeVMTFraction | VMT Fraction by road type float 0.783252633
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5.3 Process 3

XX_SPEED_DISTRIBUTION.csv, where XX represents the state abbreviation

Column Name Data Description Format Type Example
county FIPS County Code int 17
sourceTypelD MOVES vehicle type identification int 11
roadtypeid MOVES functional class identification int 3
hourdayID MOVES hourly temporal identification int 102
avgSpeedBinID MOVES default speed bins int 4
avgSpeedFraction | proportion of vehicles that travel at within each of the speed bins float 0.01254763

for a specific road typelD and hourDayID for the reference county

XX_SPEED_DISTRIBUTION_YY.csv, where XX represents the state abbreviation and YY represents the county code

Column Name Data Description Format Type Example
sourceTypelD MOVES vehicle type identification int 11
roadtypeid MOVES functional class identification int 3
hourdayID MOVES hourly temporal identification int 102
avgSpeedBinID MOVES default speed bins int 4
avgSpeedFraction | proportion of vehicles that travel at within each of the speed bins float 0.01254763

for a specific road typelD and hourDayID for the reference county
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6. Appendix E. Development of Default Emissions Rates from 2017
NEI Data

Each row in the link level dataset output by Process 1 includes emissions rates for five HPMS vehicle
types that are looked up based on the following parameters in that row:

e County,

e Roadway type,

e Average speed,

e Month,

e Weekday or weekend day type, and
¢ Hour of the day.

The DANA Tool performs this lookup during Process 1 using the Emission Rates input to that process.
The DANA Tool comes with a default emission rate input table that has rates by the above parameters.
The rest of this appendix documents how the default emission rate table was created.

The default emission rate table uses a set of representative counties throughout the country. The
representative counties are a subset of U.S. counties that are chosen based on the similarity of their
meteorology to other counties for the year the National Emissions Inventory is performed. Using
emissions rates from representative counties reduces the input database size by a factor of about 10
and makes the tool easier to use.

To obtain emissions rates for representative counties, data aggregation, combination, and manipulation
was performed on public data from EPA’s 2017 National Emissions Inventory (NEI). The process involves
downloading large amounts of data from EPA’s public file transfer protocol site and running queries and
processing algorithms on that data using Python scripts. The following steps were completed:

1. The emissions factors are taken from emissions factors tables available at the following site:
https://gaftp.epa.gov/Air/emismod/2017/2017emissions/moves_eftables/. These zip files
contain rate-per-distance CSV databases for each representative county. The emission rates
columns in these CSV files give the grams-per-mile-driven for a large number of pollutants at
temperatures ranging from the lowest to the highest temperature experienced in that
representative county in 5-degree Fahrenheit intervals.

2. These files were processed by dropping the unnecessary pollutants, assigning MOVES pollutant
IDs to the remaining pollutants, and changing the format of the data from wide to long format
where one emission rate for a single pollutant is stored in each row. Pollutants that are included
in the final emissions rates dataset are “CO_INV”, “NOX”, “VOC_INV”, “PM10”, “BRAKEPM10”,
“TIREPM10”, “PM2_5", “PM25BRAKE”, “PM25TIRE."

3. Brakewear and tirewear PM emissions are aggregated into overall PM emissions rates during
this process. This involved combining pollutant IDs 100, 106, and 107 into an overall PM10
emission rate, and IDs 110, 116, and 117 into an overall PM2.5 emission rate.

4. The rate-per-distance data is also separated by different fuel types. In order to create rates
usable in the DANA Tool, the disaggregated emissions rates were weighted by fuel type
population fractions obtained from EPA (see Table 10), and then aggregated together to create
an average emission rate for each vehicle type across all fuel types.
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Table 10. Emissions and weightings by fuel type

HPMSVtypelD | sourceTypelD | fuelTypelD weight
10 11 1 1
25 21 1 0.478504464
25 21 2 0.003394789
25 21 5 0.000263097
25 21 9 0.000553189
25 31 1 0.448890746
25 31 2 0.015107857
25 31 5 0.000931073
25 31 9 1.06E-05
25 32 1 0.04861708
25 32 2 0.003566385
25 32 5 0.00015798
25 32 9 2.71E-06
40 41 2 0.326128987
40 42 1 0.039290949
40 42 2 0.150545521
40 42 3 0.009608678
40 43 1 0.037770108
40 43 2 0.436655756
50 51 1 0.00041291
50 51 2 0.022577004
50 52 1 0.131087302
50 52 2 0.438974035
50 53 1 0.090051887
50 53 2 0.289870407
50 54 1 0.019734772
50 54 2 0.007291682
60 61 1 0.001083251
60 61 2 0.353695351
60 62 2 0.645221399

5. Meteorology data was also obtained from EPA’s file storage site. This dataset is available at the
following link: https://gaftp.epa.gov/Air/emismod/2017/2017emissions/. The meteorology data
contains the temperatures in all counties in the US for every hour of the day for every day of the
year. Only the data for the representative counties were retained to reduce the size of the final
dataset.

6. Finally, the processed and aggregated emissions rates data were merged onto the meteorology
data based on the temperature of that hour of the day. In this way, hourly emissions rates for
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the entire year were obtained for all representative counties in the U.S. This final table is used as
input to the DANA tool.
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7. Appendix F. Comparison of Speed Distributions Derived from
NPMRDS Versus StreetlLight Data

Note: Text in this appendix comes from the original research entitled “National Traffic Dataset
Applications for Air Quality and Noise Analysis”, which led to the creation of the DANA tool. This original
research was performed by Cambridge Systematics and Eastern Research Group (ERG).

7.1 Background
Previously, team member ERG developed speed distributions using data from the vendor StreetLight as
part of CRC project A-100.% The goal was to develop speed distributions for the 2014 National Emissions
Inventory (NEI). The StreetLight data is similar to the NPMRDS data, in that, it is based on probe vehicle
or global positioning system (GPS) measurements from mobile devices, but it includes speed data on
non-NHS roads in addition to NHS roads. These facts point out the problem with using the NPMRDS data
for county-level speed distributions by covering only NHS roads, which are the higher order functionally
classified roads; the resulting speed distribution is likely to be biased toward higher speeds. Table 11
shows the percentage of different functional class roads that are designated as on the NHS.

Table 11. Functional classification of National Highway System roadways

Functional Class Percent of Mileage that Are Designated as NHS

Interstate 100%
Freeways and Expressways 99%
Principal Arterial 95%
Minor Arterial 3%
Major Collector <1%
Minor Collector <1%
Local 0%

(Source: 2016 HPMS Data)

As part of the current project, the team obtained these data for Colorado in order to compare the speed
distributions that are produced from the two data sources. StreetLight data covered the 12-month
period of September 2015 through August 2016. NPMRDS data, which were provided by HERE, were
obtained for the same period (version 1 of the NPMRDS). The MOVES model uses the four road types
listed below, differentiating based on whether the road is located within an urban or rural area, and
whether it has restricted access points (i.e., by ramps), or unrestricted access, such as entry points at
multiple intersections:

e MOVES Road type 2: Rural Restricted Access Roads

¢ MOVES Road type 3: Rural Unrestricted Access Roads
¢ MOVES Road type 4: Urban Restricted Access Roads

¢ MOVES Road type 5: Urban Unrestricted Access Roads

64 Eastern Research Group, Improvement of Default Inputs for MOVES and SMOKE-MOVES: CRC Project A-100,
prepared for the Coordinating Research Council, February 28, 2017, http://crcsite.wpengine.com/wp-
content/uploads/2019/05/ERG FinalReport CRCA100 28Feb2017.pdf
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7.2 Results
The analysis was conducted using the following parameters for counties in Colorado:

e Source type = 21 (passenger cars), 31 (passenger truck), and 62 (Combination Long-Haul Truck)
combined. These source types were selected to match the data for “all vehicles” in the NPMRDS

e Road type =3 and 5 (rural and urban arterials)

o Day of week =2 and 5 (weekday and weekend)

e Hour=1to24

About 56 of Colorado’s 64 counties were matched between the datasets. Most counties only had rural
arterials. In all, 1,343 combinations were studied. MOVES speed distributions were created for each of
these combinations using the NPMRDS and StreetLight data. Because of the analytical complexity of
comparing so many distributions visually, we employed the Kolmogorov-Smirnov (K-S) two sample test
to detect differences in the pairwise distributions.5’

The SAS procedure NPAR1IWAY was used for this purpose. The K-S test computes a statistic (K) based on
the difference in the distribution and compares it to a critical value (Dit). The probability of obtaining a
value higher than the critical value (P) is then computed under the null hypothesis that the distributions
are the same. When the probability is low, say 0.01, typically the null hypothesis is rejected, that is, the
distributions are different. Conversely, when the probability is high, the null hypothesis cannot be
rejected, and we conclude that the distributions are statistically the same. Therefore, for the purpose of
this comparison, we want to obtain high probability numbers because it would be desirable if the
distributions from the two datasets were the same. Figure 56 shows an example of two distributions
that were tested to be statistically equivalent. Figure 57 shows an example of two distributions that
were tested to be statistically different.

85 https://en.wikipedia.org/wiki/Kolmogorov%E2%80%93Smirnov_test#Two-
sample Kolmogorov%E2%80%93Smirnov_test
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County: ARAPA
SourceType: 21,31 & 62
RoadType: 5
HourDay: 85

08:27 Thursday. February 27, 2020
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Figure 56. Chart. Example: statistically equivalent distributions
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County: ALAMO 08:27 Thursday. February 27. 2020
SourceType: 21,31 & 62
RoadType: 3
HourDay: 65

COUNTY=ALAMO sourceTypelD=100 roadTypelD=3 hourdaylD=65
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Figure 57. Chart. Example: statistically different distributions

The 1,343 comparisons were summarized based on their K-S tests. We selected 0.1 as the cutoff alpha
level. If the probability was less than or equal to 0.1, we conclude that the distributions are statistically
different. If the probability was greater than 0.1, we conclude that the distributions are the same. The
results were further broken down by urban versus rural and peak versus offpeak times. The results are
shown in Table 12 through Table 16. Comparing Table 13 and Table 14 (urban versus rural), it can be
seen that in rural areas, 62 percent of arterials have statistically different speed distributions, while in
urban arterials all of the locations tested showed similar speed distributions.
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Table 12. Kolmogorov-Smirnov test results for all Colorado arterials

Prob(K) > D« | Number of Sections | Percentage | Cumulative Percent
0<K<0.1 746 56% 56%
0.1<K<0.2 0 0% 56%
0.2<K<0.3 137 10% 66%
0.3<K<0.4 0 0% 66%
0.4<K<0.5 126 9% 75%
0.5<K<0.6 0 0% 75%
0.6<K<0.7 123 9% 84%
0.7<K<0.8 0 0% 84%
0.8<K<0.9 0 0% 84%
0.9<K<1 211 16% 100%
Total 1,343 100% -

(Note: Sections in the 0-0.1 probability range are deemed to be different.)

Table 13. Kolmogorov-Smirnov test results for urban Colorado arterials

Prob(K) > D« | Number of Sections | Percentage | Cumulative Percent
0<K<0.1 0 0% 0%
0.1<K<0.2 0 0% 0%
0.2<K<0.3 0 0% 0%
0.3<K<0.4 0 0% 0%
0.4<K<0.5 5 1% 4%
0.5<K<0.6 0 0% 4%
0.6<K<0.7 16 11% 15%
0.7<K<0.8 0 0% 15%
0.8<K<0.9 0 0% 15%
0.9<K<1 119 85% 100%
Total 140 100% -
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Table 14. Kolmogorov-Smirnov test results for rural Colorado arterials

Prob(K) > D« | Number of Sections | Percentage | Cumulative Percent
0<K<0.1 746 62% 62%
0.1<K<0.2 0 0% 62%
0.2<K<0.3 137 11% 73%
0.3<K<0.4 0 0% 73%
0.4<K<0.5 121 10% 83%
0.5<K<0.6 0 0% 83%
0.6<K<0.7 107 9% 92%
0.7<K<0.8 0 0% 92%
0.8<K<0.9 0 0% 92%
0.9<K<1 92 8% 100%
Total 1,203 100% -

Table 15. Kolmogorov-Smirnov test results for peak periods Colorado arterials

Prob(K) > D« | Number of Sections | Percentage | Cumulative Percent
0<K<0.1 120 54% 54%
0.1<K<0.2 0 0% 54%
0.2<K<0.3 20 9% 63%
0.3<K<0.4 0 0% 63%
0.4<K<0.5 28 13% 75%
0.5<K<0.6 0 0% 75%
0.6<K<0.7 17 8% 83%
0.7<K<0.8 0 0% 83%
0.8<K<0.9 0 0% 83%
0.9<K<1 39 17% 100%
Total 224 100% -
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Table 16. Kolmogorov-Smirnov test results for offpeak periods Colorado arterials

Prob(K) > D« | Number of Sections | Percentage | Cumulative Percent
0<K<0.1 626 56% 56%
0.1<K<0.2 0 0% 56%
0.2<K<0.3 117 10% 66%
0.3<K<0.4 0 0% 66%
0.4<K<0.5 98 9% 75%
0.5<K<0.6 0 0% 75%
0.6<K<0.7 106 9% 85%
0.7<K<0.8 0 0% 85%
0.8<K<0.9 0 0% 85%
0.9<K<1 172 15% 100%
Total 1,119 100% -
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7.3 Recommendations
The analysis showed a difference in speed distributions developed from the two sources; overall 44
percent of the speed distributions for the arterial combinations were statistically the same. However,
the results were dramatically different for urban versus rural highways. All of the 140 urban cases
exhibited similar speed distributions, while only 38 percent of rural cases had similar speed
distributions. The fact that a higher difference was detected in rural areas could be a function of three
factors:

1. The NPMRDS includes only NHS highways, which are higher functionally classified roadways
(e.g., arterials). The StreetLight data includes lower functionally classified highways (e.g.,
collectors)

2. Sample size: probes are less likely to be observed on low volume highways

3. Rural arterials’ speed distributions are skewed toward higher speeds, and the two data sources
are showing the differences there. Analysts should thoroughly review speed distributions from
either of these two sources when studying rural situations

The data used in this comparison is now over three years old. We have observed that vehicle probe data
available from vendors has consistently improved in quality over time, as more vehicle probes are
recruited, and vendors improve their processing methods. For example, since 2017, the NPMRDS
version 2 is provided by a different vendor (INRIX). Not only are the probe sources different from version
1, but the processing methods also are different. Further, it is not possible to determine which dataset
more closely replicates reality; an independent and controlled data collection on speeds was not
available.

However, the low similarity rate for the speed distributions found on rural arterials cannot be ignored. It
is recommended that users carefully review probe vehicle data in rural areas prior to developing
speed distributions for MOVES inputs. An easy check is to observe the percentage of speeds in the
lower speed ranges. In rural areas, large percentages of speeds less than 10 to 15 mph over the course
of a year would only be due to a long-term work zone or other lane closure. An indication of low sample
sizes for probes is numerous time slots in the raw probe data with no speeds.

104



	Table of Contents
	List of Figures
	List of Tables
	List of Acronyms
	1.Database for Air Quality and Noise Analysis Tool Version 2.1 UserManual
	1.1 Background
	1.2 Change Log
	1.2.1 Process 1 Calculation accuracy
	1.2.2 Usability improvements
	1.2.3 Bug Fixes

	1.3 Setup
	1.3.1 Computer Requirements
	1.3.2 Installation

	1.4 Graphic User Interface Operations
	1.4.1 Operating the Main GUI
	1.4.2 Progress Log Tab Output
	1.4.3 Technical Support

	1.5 Data Flow
	1.5.1 Process 1
	1.5.1.1 Speed Data Cleaning and Preparation
	1.5.1.2 Joining TMAS Data to NPMRDS
	1.5.1.3 Emissions Data Processing
	1.5.1.4 Noise Data Processing

	1.5.2 Process 2
	1.5.3 Process 3
	1.5.4 TNMAide

	1.6 Input/Output Data Specifications
	1.6.1 Yearly Data Latency
	1.6.2 Folder Structure
	1.6.3 Process 1: Process Raw NPMRDS and Emission Rate Data
	1.6.3.1 Downloading NPMRDS Data
	1.6.3.2 Viewing Parquet Files
	1.6.3.3 User-Supplied Emissions Rate Data

	1.6.4 Process 2: Produce MOVES Inputs
	1.6.4.1 Downloading 2017 and Prior HPMS Data
	1.6.4.2 Downloading 2018 and Beyond HPMS Data via ArcGIS
	1.6.4.3 Downloading 2018 and Beyond HPMS Data via QGIS
	1.6.4.4 Downloading and Formatting VM-2 Data

	1.6.5 Process 3: Produce Speed Distributions
	1.6.6 TNMAide
	1.6.6.1 Creating a KML File for TMC Selection
	1.6.6.2 Data Visualization Tab



	2. Appendix A. Process 0: Process Raw TMAS Data (optional)
	3. Appendix B. DANA Tool Input Details
	4. Appendix C. Input Data Dictionaries by Process
	4.1 Process 1
	4.2 Process 2

	5.Appendix D. Output Data Dictionaries by Process
	5.1 Process 1
	5.2 Process 2
	5.3 Process 3

	6.Appendix E. Development of Default Emissions Rates from 2017NEI Data
	7. Appendix F. Comparison of Speed Distributions Derived from NPMRDS Versus StreetLight Data
	7.1 Background
	7.2 Results
	7.3 Recommendations




